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ABSTRACT
DEVELOPING GEOSPATIAL THINKING AND THE SCIENCE
PRACTICES OF INVESTIGATION AND EVALUATION
WITH GEOGRAPHIC INFORMATION SYSTEMS
Kelli Hamilton, Ed.D.
Department of Literacy and Elementary Education
Northern Illinois University, 2016
Eui-kyung Shin, Dissertation Director

Geospatial thinking is a subset of spatial thinking, which has been identified by the
National Geography Standards as an essential skill for students to gain through geography
instruction. One tool which has been shown to help students develop their geospatial thinking
skills is Geographic Information Systems (GIS). Much of the research conducted with GIS has
been in the context of social studies classrooms. This study examined the use of GIS with
seventh-grade students in a science classroom. Results of this study indicate that students who
use GIS as part of their science instruction are able to practice geospatial thinking skills. In
addition, this study examined how GIS could be used to enhance the instruction of the science
practices of investigation and evaluation. The Next Generation Science Standards identify
certain science practices which students should experience as part of science instruction. Among
those practices are investigation and evaluation. Students in this study used GIS to investigate
and evaluate scientific data. Both the teacher and the students were able to identify ways that
GIS enhanced both the investigation and evaluation of data.
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CHAPTER 1
INTRODUCTION
Engaging in the practices of science helps students understand how scientific knowledge
develops; such direct involvement gives them an appreciation of the wide range of
approaches that are used to investigate, model, and explain the world. (National Research
Council, 2012)
Introduction
Published in 2012, A Framework for K-12 Science Education identifies expectations for
science instruction in the 21st century (NRC). Specifically, the National Research Council
(NRC) calls for students to engage in science practices which include asking questions,
developing and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational skills, constructing explanations,
engaging in argument, and obtaining, evaluating, and communicating information (p. 42). By
engaging in these practices, students begin to make connections between science content and the
way science knowledge is developed and communicated.
The NRC (2012) organizes these practices into three main groups which it calls “spheres
of activity for scientists” (p. 45). The three spheres include investigating, evaluating, and
developing explanations and solutions. These three spheres are each a part of what a scientist
does and how science knowledge is described and evaluated. Previously, these three spheres
were considered a linear process, but the NRC describes a cyclical process in which a scientist
may return repeatedly to any one of the spheres as it is relevant in his/her research.
Scientists are constantly investigating. They ask questions and make observations about
the world around them. These types of investigations might lead to conducting a study. Prior to
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the study, a scientist evaluates the different options to determine which method might be best
suited to what is being studied. During the study, a scientist is continually investigating by
making observations and also evaluating how the process is being conducted in order to make
any necessary adjustments.
Throughout the process of investigation, scientists are also evaluating. They evaluate
their methodology to look for ways to improve. They evaluate their findings to generate
conclusions. Evaluation is a type of critical thinking which the NRC identifies as an essential
skill for all scientific investigation. The NRC (2012) concludes that the use of the science
practices is “critical to appreciating the skill of the expert and the nature of his or her enterprise”
(p. 47). As a result, the NRC maintains that science instruction must emphasize science practices
in addition to science content so that students are prepared to conduct scientific experiments and
understand the nature of science.
These same science practices are part of the Next Generation Science Standards (NGSS),
which are based on the framework from the NRC (NGSS Lead States, 2013). The NGSS takes
those practices and embeds them with content expectations, termed “disciplinary core ideas”
(NGSS Lead States, 2013, para. 1). The NGSS identifies that connecting the practices with the
disciplinary core ideas can be a challenge for some educators because the science practices and
the disciplinary core ideas have often been considered separate entities.
In addition to educators needing to recognize the connections between practices and
content, the NGSS identifies six other conceptual shifts that educators need to make as a result of
this new set of standards (NGSS Release, 2013). Other conceptual shifts include teachers must
prepare students for citizenship as well as careers, which includes the appropriate and
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meaningful use of technology; the NGSS is not a curriculum, but a set of performance
expectations; the NGSS and the Common Core State Standards are aligned; science knowledge
should build from kindergarten through 12th grade; science and engineering should be taught
together; and instruction should focus on deeper understanding of content and how that content
can be applied in authentic situations.
One tool which could help educators as they make these conceptual shifts in their
teaching is Geographic Information Systems (GIS). GIS is software that allows a user to import
data and display that data on a map. This geographic display of data helps users to “visualize,
question, analyze, and interpret data to understand relationships, patterns, and trends” (para. 1)
among data sets (Environmental Systems Research Institute [ESRI], 2015). GIS has been used
in industries as a data analysis tool for nearly forty years (ESRI, 2012). According to ESRI
(2015), “GIS is becoming essential to understanding what is happening and what will happen in
geographic space” (para. 6).
Beginning in the early 1990s, educational researchers began writing about the use of GIS
in education (Tinker, 1992). Since that time, many researchers have studied GIS with students
ranging in age from elementary school through college (Collins & Halverson, 2009; Henry &
Semple, 2012; Shin, 2006, 2007; Tinker, 1992; West, 2003). These researchers have been
examining the ways in which GIS allows students to practice and develop the same types of
skills that professional geographers and scientists use, including data analysis, critical thinking,
and examining relationships among data sets. In other words, using GIS allows students to use
the same science practices identified in the NGSS.
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In addition to providing the opportunity for students to engage in science practices, GIS
has also been shown to help students develop their geospatial thinking skills (Lee & Bednarz,
2009; Patterson, 2007; Shin, 2007). Geospatial thinking is a unique subcategory of spatial
thinking. Spatial thinking was first studied by Piaget and Inhelder in 1948. Piaget and Inhelder
examined the way that children were able to understand and describe objects in relation to other
objects. Tricoles (2012) described spatial thinking as the way a person is able to move about and
interact with the space around them. Recognizing the importance of spatial thinking in
geography led researchers to describe spatial thinking as it relates specifically to geography,
which is referred to as geospatial thinking. Huynh and Sharpe (2013) defined geospatial
thinking as the way that a person interprets spatial information from a geographic perspective.
Geospatial thinking, the ability to think about and interpret spatial data, is identified as a critical
skill in another new set of standards: the National Geography Standards (Heffron & Downs,
2013).
Geospatial thinking skills vary in complexity but are a part of everyday life. Adults use
geospatial thinking skills when they participate in such common activities as reading maps or
driving to the store. But geospatial thinking skills can also be applied to science and geography
content when students are asked to recognize patterns in geographic data, such as the locations of
volcanoes and how those locations relate to the location of earthquakes. The NGS (Heffron &
Downs, 2013) place heavy emphasis on students’ ability to engage in geospatial thinking and
devotes three of their eighteen standards to developing students’ geospatial thinking skills.
Many studies have been conducted to analyze the use of GIS to develop students’
geospatial thinking skills (Lee & Bednarz, 2009; Patterson, 2007; Shin, 2007). However, as an
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educational tool, GIS has most often been studied in geography, rarely in science. With a new
set of standards and increasing access to the technology necessary for GIS in the classroom, it is
timely to evaluate the use of GIS in the science classroom as a tool for teaching science practices
while addressing the NGS goal that students be more proficient at geospatial thinking.
Conceptual Framework
In the past three years, both the Next Generation Science Standards (NGSS Lead States,
2013) and the National Geography Standards (Heffron & Downs, 2013) were published. Both of
these documents are meant to serve as guides for teachers as they develop science and geography
lessons. These two sets of standards are a part of the conceptual framework for this study.
The other part of the conceptual framework for this study is the framework proposed by
Mishra and Koehler (2006) called technological pedagogical content knowledge (TPACK). This
framework explains how teachers’ pedagogical knowledge interacts with their technological and
content knowledge to inform the way that material is presented to students in a lesson.
The Science and Geography National Standards
Each of the NGSS is broken into three dimensions: a “disciplinary core idea,” a “science
and engineering practice,” and a “cross-cutting concept” (NGSS Lead States, 2013, para.1). The
disciplinary core idea provides teachers with the scientific content that should be addressed. The
science and engineering practices focus on what types of skills students are expected to be
learning as they work with the science content. The cross-cutting concepts are the big concepts
that scientists rely on as they engage in science and engineering practices. These concepts
include patterns, scale, diversity, stability, and change. Each of these concepts are applicable
across scientific disciplines and have been identified as important concepts for students to be
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able to work with and understand (NGSS). The NGSS (2013) are meant to serve as a guide for
teachers as they develop science curriculum for students.
Similarly, the National Geography Standards provide a guide for teachers developing
geography curriculum. The National Geography Standards (Heffron & Downs, 2013) are based
on certain skills that are necessary for a person to be “geographically literate” (para. 2).
Geographic literacy is described as the ability to understand the interconnectedness of Earth’s
systems and how those same systems affect the lives of people. The NGS (Heffron & Downs,
2013), in order to promote geographic literacy, identify six areas of focus for teachers and
students. Those six areas are uses of geography, environment and society, human systems,
physical systems, places and regions, and the world in spatial terms. Each of these areas is
further broken down into specific standards. Many of the standards from the NGS (Heffron &
Downs, 2013) have overlapping skills and expectations with those of the NGSS (2013).
The NGSS emphasize student reflection and the integration of technology into the daily
curriculum. The NGSS also promote deeper understanding and application of the content than
previous science standards sets (NGSS Release, 2013). Similarly, the National Geography
Standards (NGS) emphasize the use of geography with a focus on how to apply geography skills
(Heffron & Downs, 2013). Many of the skills in geography have direct applications in science as
well, as the NGS students need to “analyze spatial organizations of environments” and “describe
physical processes that shape earth’s surface” (p. 21). These skills are directly applicable to
science content. For example, in a geology class, students learn about Earth’s surface and
geologic processes. This overlap in skills and content gives teachers the opportunity to create
interdisciplinary units that use both sets of standards.
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Technological Pedagogical Content Knowledge
In 1986, Shulman developed a framework to explain the process by which a teacher uses
both content knowledge and pedagogical knowledge to develop a lesson. A teacher’s content
knowledge can be described as how a teacher understands the content that she/he teaches. A
teacher might draw from what she learned during her undergraduate studies as well as reading
and research that she continues to do in order to learn about the particular subject matter. A
teacher’s pedagogical knowledge is demonstrated in how she manages a class, understands
children’s needs, and prepares instruction. Often this type of knowledge comes from
undergraduate studies, but it is also based on a teacher’s experience. Shulman argued that while
a teacher might have content knowledge and pedagogical knowledge, it is important for novice
teachers to learn to apply those two types of knowledge together in order to create lessons that
are comprehensible for students. Shulman refers to this as pedagogical content knowledge
(PCK). Shulman’s pedagogical content knowledge (PCK) framework identified the need for
teachers to understand how different topics can be easy or difficult to understand for students, or
what he called “subject matter knowledge for teaching” (p. 9).
More recently, researchers have modified Shulman’s original framework to include a
teacher’s use of technology as a tool in the classroom. This framework, the technological
pedagogical content knowledge (TPACK) framework, was developed by Mishra and Koehler in
2006. (When Mishra and Koehler first described the technological pedagogical content
knowledge framework, they used the acronym TPCK. Later researchers added a middle A to
ease in the pronunciation of the acronym, thus TPACK.) The TPACK framework is based on the
assumption that teachers must be proficient in pedagogy, content, pedagogical content
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knowledge, and technology. Mishra and Koehler’s framework helps to explain how teachers’
content knowledge, pedagogical knowledge, pedagogical content knowledge and knowledge of
technology work together to inform their instruction.
First, teachers use their content and pedagogical knowledge to create lessons that are
easily accessible to their particular students. Teachers also use their content and technological
knowledge to determine what, if any, technology is an important part of the content which they
teach. In addition, many teachers now have access to technology as a pedagogical tool.
Teachers must decide what types of technology are the best pedagogical tools to use with their
students. In order to use technology effectively in the classroom, teachers need to understand
technology through the lens of both content knowledge and pedagogical knowledge. The
TPACK framework describes how a teacher understands technology, the content, and pedagogy
and can leverage each to make curricular decisions,
Researchers have begun to critically examine the TPACK framework and suggest ways
in which it might be enhanced. For example, Niess (2013) proposed different levels of TPACK
proficiency. Niess concluded that teachers’ knowledge in all areas is constantly developing and
that each area, technological content, and pedagogy, should be addressed during undergraduate
studies.
Since Mishra and Koehler (2006) first described TPACK, many more articles have been
published which examine how teachers’ beliefs, pedagogical, content, and technological
knowledge all affect how and what they teach (Baran, Chuang, & Thompson, 2011; BentonBorghi, 2013; Chai, Koh, & Tsai, 2013; Kaya & Dag, 2013; Sahin, Celik, Akturk, & Aydin,
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2013). These researchers, and others, have identified TPACK as a valuable framework for
evaluating and describing the way teachers develop curriculum and lessons.
The TPACK framework helps guide the use of technology in this study. This study
examined how students use GIS software to engage in science practices. Throughout this study,
the technology itself was considered, but so too were the content and the pedagogical
implications for this particular software. The TPACK framework provided the lens through
which the researcher designed the study and examined the data.
Collectively, the NGSS, NGS, and TPACK serve as guides for science teachers as they
develop lessons. Given the importance of each in curriculum and lesson development, the
NGSS, the NGS, and the TPACK framework provided the conceptual framework for this study.
All three are elaborated on in Chapter 2.
Problem Statement
In 2012 the NRC described spatial thinking as the “blind spot” in American education
and called for it to have a more prominent role in science education. Later, the need for teaching
geospatial thinking skills, a subset of spatial thinking, was identified by the NGS (Heffron &
Downs, 2013) as an essential life skill. Research suggests that GIS is one tool that can help
students develop geospatial thinking skills (Kim & Bednarz, 2013; Lee & Bednarz, 2009;
Patterson, 2007; Perkins, Hazelton, Erickson, & Allan, 2010). However, Kulo and Bodzin
(2012) point out that “there have been few studies that have examined the effects of embedding
GIS...in a middle school science curriculum” (p. 25). Further study of how GIS helps students
develop geospatial thinking skills as part of the science curriculum is needed.
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GIS may also help teachers blend science content and the science practices, a focus of the
NGSS (2013). Science teachers are asked to provide students with more opportunities to
investigate and evaluate information. According to the NGSS (NGSS Lead States, 2013,
Appendix A) this presents a conceptual shift in the way that science has traditionally been
approached. In the past teachers have separated the science practices from science content. The
NGSS (NGSS Lead States, 2013) requires that the content and the practices be considered parts
of the same whole. GIS, which provides a visual representation of scientific data for students to
investigate and evaluate, is a tool which may help teachers do just that.
However, the use of GIS has most often been studied only in the context of the
geography classroom. A search for GIS in science journals supports Kulo and Bodzin’s (2012)
claim that little research has been done in this area. The Journal of Research in Science
Teaching published only one article on GIS in the past 18 years. Another journal which might be
expected to include research on the use of GIS in the science classroom, Journal of Science
Education and Technology, includes only five articles in the past 20 years. Further study of GIS
and its use in the science classroom is certainly warranted. There are limited studies that
examine how GIS affects students’ use of science practices. Therefore, the purpose of this study
is to examine the effects of GIS on middle school students’ geospatial thinking and science
learning, specifically students’ use of the science practices of investigation and evaluation.
Research Questions
1. How does the use of GIS affect seventh-grade students’ geospatial thinking skills?
2. How does the use of GIS affect seventh-grade students’ use of the science practices of
investigation and evaluation?
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Significance of the Study
The results of this study could be of interest to classroom teachers, curriculum leaders,
and other researchers. The publication of the NGSS has put new emphasis on teaching and
learning science practices. Both classroom teachers and curriculum leaders would be interested
in the results of studies that examine students’ use of the science practices of investigation and
evaluation.
GIS is one possible tool that classroom teachers could use in the classroom to give
students an opportunity to engage in science practices. The results of this study could inform
classroom teachers and curriculum leaders about how students use GIS in the science classroom.
In addition, classroom teachers who create interdisciplinary lessons could be interested in how
GIS is used to practice geospatial thinking skills.
This research could also be of interest to researchers as it helps fill a gap in the research
on GIS and geospatial thinking as it is taught and used in curricular areas other than geography.
Due to the recent adoption of the NGSS and students’ use of science practices, researchers might
also be interested in how students use GIS to engage in science practices.
Definition of Terms
The following terms will be referenced throughout this dissertation.
1. Geospatial thinking: Refers to spatial thinking that is directly related to geographic
information (Huynh & Sharpe, 2013). For example, one uses geospatial thinking when
examining a population map and recognizing the correlation between population density and
closeness to bodies of water.
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2. Geographic Information Systems (GIS): “A computer-based system to aid in the collection,
maintenance, storage, analysis, output, and distribution of spatial data and information” (Bolstad,
2002, p.1).
3. National Geography Standards (NGS): Standards set, published in 2013, that “foster
geographic literacy” by outlining essential geography skills which are considered crucial for
effective citizenship (Heffron & Downs, 2013, p. iii).
4. Next Generation Science Standards (NGSS): Published in 2013, these standards include
performance expectations that span grade levels and traditional science content with the intention
of providing students “usable knowledge to explain real world phenomena” (NGSS Lead States,
2013, p. 47).
5. Science practices: “Behaviors that scientists engage in as they investigate...the natural
world…” (NGSS Lead States, 2013, para. 2) These practices include asking questions,
developing and using models, planning and carrying out investigations, analyzing and
interpreting data, using mathematics and computational skills, constructing explanations,
engaging in argument, and obtaining, evaluating, and communicating information (Heffron &
Downs, 2013, p. 42). This study specifically focuses on the practices of investigation and
evaluation.
Methodology
This research was conducted using a mixed-methodology design. The use of mixed
methodology allows the researcher to collect numerical data while at the same time collecting
qualitative information that helps to explain or support the finding of the numerical data
(Creswell, 2009). Mixed methodology was chosen for this research because the subject matter,
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specifically the use of the science practices of investigation and evaluation, is difficult to
quantify. As a result, qualitative data was used to add further details that quantitative data might
not make clear, such as how students are using GIS for investigation and evaluation of science
content.
Quantitative data included the Geospatial Thinking Scale as well as data collected from
student work samples. Quantitative data examined students’ accuracy in using the science
practices of investigation and evaluation as well as their geospatial thinking skills. The
Geospatial Thinking Scale includes both multiple-choice and short-answer questions. The shortanswer questions were scored with a researcher-designed rubric. The student work samples were
also be scored with a researcher-designed rubric.
Qualitative data included teacher interviews and student interviews. Teacher interviews
were analyzed for further information about how students used GIS to engage in science
practices. Student interviews were analyzed to assess students’ thinking about GIS and the
science practices of investigation and evaluation. The quantitative data was analyzed using
descriptive statistics and a paired-samples t test, whereas the qualitative data was analyzed using
sign coding, open coding, memoing, and categorizing.
Limitations
The length of time for this study was based on district-determined length of time for a
curriculum unit. Curriculum units usually last around six to eight weeks, so the data collection
period was bound by that schedule. If students were to have a longer period of time to work with
GIS, the results may be different. It may be difficult to generalize these findings to other grade
levels and subject matter other than biological science.
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Another limitation of this study was that the control group was very small. Of the 139
seventh-grade students in the school, 120 of them were taught by one teacher and 19 of them
were taught by another. The small class of 19 served as the control group for this study and only
10 of the 19 students agreed to participate in the study and were present on the days of both the
pre- and posttests.
Another limitation of this study is that students were interviewed by the researcher. The
students did not know the researcher, as she was an outside observer. The students’ lack of
comfort with the researcher may have affected how they answered the interview questions.
Students who are not comfortable with the researcher may be less likely to answer questions as
thoroughly or candidly.
This study was also limited by the number of participants who chose to participate; of a
possible group of 120, only 74 students and their parents agreed to participate in this study and
were present on the days of both the pre- and posttests. Because the number of participants was
relatively small, it could be difficult to generalize the results of this study to the larger
population.
Delimitations
The sample for this study was limited to one rural middle school in northern Illinois. The
sample was further limited to seven seventh-grade science classes in that middle school. This
study focused solely on one topic in a biological science course. The researcher chose to focus
on only one specific topic in the biological science curriculum in order to direct the focus of the
research on the science practices of investigation and evaluation rather than on learning content.

15
The researcher chose to work with one teacher for this study. The focus of the study was
on student learning rather than teacher instruction. By working with only one teacher, the
researcher could eliminate the possibility of different teaching styles affecting the students’
perceptions during interviews.
Organization of the Study
There are five chapters in this study. Chapter 1 includes the introduction, problem
statement, conceptual framework, and significance of the study. Chapter 1 also defines key
terms and identifies limitations and delimitations. Chapter 2 provides a review of the literature
related to GIS, geospatial thinking, and a more detailed description of the conceptual framework
for the study. Chapter 3 focuses on the methodology and identifies the types of data that were
collected and the data analysis tools that were used. In Chapter 4 the data is presented. Chapter
5 discusses the findings, recommendations for the field, and suggestions for future research.
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CHAPTER 2
REVIEW OF LITERATURE
K-12 Science education should reflect the interconnected nature of science as it is
practiced and experienced in the real world. (Next Generation Science Standards, 2013,
Appendix A, p. 1)
Introduction
The Next Generation Science Standards (NGSS) were officially released in 2013. The
NGSS prescribe some significant changes for the teaching of science. One change, identified in
the quote above, is the expectation that students begin to experience science in the classroom as
it is experienced by scientists. The emphasis on science practices, which include evaluating,
investigating, and developing explanations and solutions, is intended to steer teaching and
learning in that direction. But it is not just science where expectations are changing.
The updated National Geography Standards (NGS) were released in 2013 with additional
expectations for teaching and learning. Much like the NGSS, the new edition of the NGS
focuses on “doing geography,” or certain practices that are specific to geography (Heffron &
Downs, 2013, p. 9). These practices include asking questions and acquiring, organizing, and
analyzing geographic information. The NGS also include the idea of spatial thinking for the first
time, a skill that is considered critical for geographic understanding but often overlooked.
Both the NGSS and the NGS also address the use of technology in their newest editions.
The NGSS includes performance expectations that students be able to recognize both the
interdependence of science and technology and the influence of science and technology on the
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natural world (NGSS Lead States, 2013). Similarly, the NGS requires that students learn to use
geospatial technologies to analyze and apply geographic information (Heffron & Downs, 2013).
When professionals seek to analyze and apply geographic information, one technology
tool that they use is Geographic Information Systems (GIS). GIS can also be used by students in
classrooms for that same purpose. Now, more than ever, teachers are being asked to consider
ways to use technology tools to enhance learning across disciplines (Heffron & Downs, 2013;
NGSS Lead States, 2013). It is critical that researchers examine technologies such as GIS in the
context of the curriculum in order to guide teachers and curriculum leaders towards the most
effective tools.
Conceptual Framework
Technological Pedagogical Content Knowledge
In 1986, Shulman explained how teachers’ preparation had changed in the past 100 years.
In the mid- to late 1800s teacher preparation focused on content. As a teacher gained content
knowledge, he/she would become a better teacher. At that time, understanding pedagogy and
understanding content were considered one in the same. One hundred years later, pedagogy had
taken on a new meaning. By 1986, pedagogy was defined as the teacher’s ability to manage time
and students and teacher training focused almost exclusively on pedagogy. It was then that
Shulman expressed concern that the importance of teachers’ content knowledge had been lost or
marginalized in teacher preparation programs. In response, Shulman proposed that a teacher’s
content and pedagogical knowledge should be recognized as two important parts of a single
framework, what he called the pedagogical content knowledge framework, or PCK.
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As teachers begin their training program, they develop content knowledge through study
and coursework. Along with that content knowledge, teachers also learn about pedagogy in their
undergraduate coursework. A teacher’s understanding of pedagogy impacts his/her ability to
deliver content to students effectively. When a teacher begins instruction on a topic, he/she
draws on both content knowledge and pedagogical knowledge to create lessons that are contentrich but also accessible to students. This is defined as pedagogical content knowledge.
Shulman’s (1986) PCK framework is still relevant to today’s teachers. Teachers still
draw from their content knowledge when planning what to teach and their pedagogical
knowledge when planning how to deliver the content. They use their pedagogical content
knowledge to decide what content will be appropriate for the students with whom they work
specifically. In addition to pedagogy and content, though, today’s teachers have one more tool to
consider when planning lessons, technology. Dilworth, Donaldson, George, Knezek, Searson,
Starkweather, Strutchens, Tillotson, and Robinson (2012) wrote that “emergent technologies
offer opportunities to understand concepts in deeper...and more meaningful ways” (p. 130). In
2006, aware of the increasing availability of computers in schools, Mishra and Koehler drew on
Shulman’s work to develop the technological pedagogical content knowledge (TPACK)
framework.
The TPACK framework developed by Mishra and Koehler (2008) helps to explain how
teachers’ knowledge of technology, pedagogy, and content work together when teachers create
lessons (Figure 1). Mishra and Koehler contend that in addition to a teacher’s knowledge of how
to employ pedagogy and content, teachers are beginning to recognize ways that the use of
technology can enhance the content in what they describe as technological content knowledge.
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Equally as important, teachers can use the technology to enhance pedagogy, through classroom
management or information delivery. This is described as technological pedagogical knowledge.
Where each of those overlap when a teacher understands how content could be enhanced by
technology and how to use technology to deliver that content to students, he/she could be said to
be employing technological pedagogical content knowledge. Mishra and Koehler conclude that
the three should not be separated from each other but considered equally important parts of the
educational process when using technology.

Figure 1: Diagram of the TPACK (Groom, 2010).
Sahin, Celik, Akturk, and Aydin (2013) found that each part of the TPACK framework
positively affected the other. So much so that teachers who demonstrated higher levels of
knowledge in all three areas felt more confident and effective in their practice. Sahin, Celik,
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Akturk, and Aydin argue that the intertwined nature of each part of the framework suggests that
no one part should be addressed in isolation of the other two.
The TPACK framework and the work of Sahin, Celik, Akturk, and Aydin (2013)
suggests that technology should not be taught as a tool in isolation, but seamlessly integrated into
a teacher’s everyday instruction. And the increasing availability of technology in the classroom
means that the TPACK framework is an integral part of education today (Scherer, 2014).
However, some teachers have been slow to adopt this view of technology.
Mishra and Koehler (2008) identified that technology, while available to students for
quite some time, had made little change to educational practice. They argued that this was due to
technology being seen as something that was outside of education, a tool that could be used but
one that might be best taught as a separate course altogether. Indeed many of the technological
tools available to students today were originally intended for use in the business world.
However, Sahin, Celik, Akturk, and Aydin (2013) believe that teachers lack the understanding of
the technology to make appropriate modifications to complicated tools in order to make them
accessible to students. Due to this lack of understanding, they believe that teachers are not able
to use technology to its fullest advantage as an aid for learning.
Recently released standards in both science and geography may help steer teachers
towards a deeper understanding of how to use technology as a teaching tool. Both the National
Geography Standards and the Next Generation Science Standards include the use of technology
as a means for delivering instruction and content (Heffron & Downs, 2013; NGSS Lead States,
2013).
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National Standards
Next Generation Science Standards. The first set of nationwide standards for science
instruction were published in 1995, the National Science Education Standards (NSES). The
purpose of that first set of standards was to establish uniform expectations for teaching science
that all teachers, across the country, could implement. The NSES established inquiry as essential
to science instruction, but students should also be engaged in scientific reasoning. The NSES
also identified specific content that all students should know and understand by the end of 12th
grade.
The NSES held a prominent role in science education for more than 15 years before the
National Research Council (NRC) began working on a new framework for science. In 2012, the
NRC published A Framework for K-12 Science Education: Practices, Crosscutting Concepts,
and Core Ideas. This publication laid the foundation for the NRC’s Next Generation Science
Standards (NGSS). The NGSS draw from the framework and provide a set of standards to guide
science teachers (NGSS Lead States, 2013). The Framework and the NGSS identify necessary
changes in the focus of science education in order to prepare students for the 21st century.
Given the importance of science and engineering in the 21st century, students require a
sense of contextual understanding with regard to scientific knowledge, how it is acquired
and applied, and how science is connected through a series of concepts that help further
our understanding of the world around us. (NGSS Lead States, 2013, p.1)
The previous quote, taken from Appendix A of the Next Generation Science Standards (NGSS),
identifies some key conceptual shifts for science education. In the past, the focus in science
classes has been on learning certain skills of science and on acquiring scientific knowledge. This
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conceptual shift takes the focus off of the content and points it more on understanding,
analyzing, and applying that content (NGSS Lead States, 2013, p.1).
In addition to focusing less on memorizing specific content, another shift is that each
topic in science (e.g., biology, astronomy, physics) should not be taught in isolation but as part of
a larger whole. The NGSS emphasizes that all sciences are connected, and it is important for
students to understand that connection. Another shift in the way science is approached in the
classroom is that students are expected to understand the content more thoroughly and be able to
apply that content in context. This change is especially challenging as teachers must look for
ways for students to apply complex content. The NGSS also call for greater and more targeted
use of technology in the classroom, which requires teachers to develop their own technological
knowledge and skills (NGSS Release, 2013).
Guided by these conceptual shifts, the Next Generation Science Standards (NGSS Lead
States, 2013) do not include a list of content to be memorized. Instead the NGSS include
performance expectations that span grade levels and traditional science content. It is through
these performance expectations that students develop “usable knowledge to explain real world
phenomena” (p. 47). This is a shift from the content-heavy, fact-based science standards that
teachers have traditionally taught.
One major instructional shift included in the NGSS (2013) is a focus on science practices
rather than on a single scientific method. Formerly, science teachers focused on a single
scientific method. The scientific method emphasized to students that scientists follow a linear
process in order to arrive at a scientific conclusion. The National Research Council (2012)
argues that the linear process is a myth. Instead, the NRC identifies certain scientific practices
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that scientists use when conducting research. Those practices are organized into three large
categories: evaluating, investigating, and developing explanations and solutions (Figure 2). The
NRC refers to these large categories as “the three spheres of activity” (p. 45) between which
scientists can move seamlessly. Instead of following a linear path, a researcher might start with
an observation, design a solution, and then make observations again.

Figure 2: Three spheres of science practices (NRC, 2012, p. 45).

Incorporating the changes from the NGSS into a typical science classroom is a challenge.
Teachers need to provide students with more opportunities for engaging in the science practices
and embed technological tools in meaningful ways (NGSS Lead States, 2013). Teachers also
need to provide students opportunities to practice critical thinking skills in meaningful contexts.
One such critical thinking skill that students could practice in a science class is geospatial
thinking.
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National Geography Standards. In 1991, the America 2000 plan (PL 103-227)
included geography as one of five core subject areas. Prior to that time, geography had not been
included. For the first time, geography was seen as an essential part of the curriculum and an
essential skill for life. It was following this landmark law that the National Geography Standards
(NGS) were first published in 1994.
The revised second edition was not released until 2013, but the purpose of the standards
remained the same: to create a document that would help to “foster geographic literacy,” a goal
that was considered crucial for effective citizenship (Heffron & Downs, 2013, p. iii). These
standards were designed to address and identify those geographic literacy skills that students
would need for the rest of their lives. The NGS define a geographically literate person as one
who “sees meaning in the arrangement of things on Earth’s surface, who sees relations between
people, places, and environments, who uses geographic skills, and who applies spatial and
ecological perspectives to life situations” (p. 7). This geographically informed person, armed
with these skills, is better able to make decisions on a local and a global scale.
In order to be an informed and geographically literate person, the NGS (Heffron &
Downs, 2013) assert that students must master three skills: factual knowledge, mental maps, and
ways of thinking. Using those three skills to inform the writing of the standards, the NGS
include six essential elements for geography. Those six elements include the world in spatial
terms, places and regions, physical systems, human systems, environment and society, and the
uses of geography. Those six essential elements are further broken down into eighteen standards
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covering topics from the ability to read maps to the ability to understand the economic
interdependence of people on Earth.
Featured prominently in the NGS (Heffron & Downs, 2013) is a focus on higher level
thinking skills such as recognizing patterns and analyzing data. The NGS states that a
“geographically informed person will use maps...and spatial thinking to acquire, understand, and
communicate information” (p. 21). Students should be able to use maps and spatial thinking to
analyze data for patterns in Earth’s natural and economic resources and the distribution of each.
The NGS also recommends that students learn to use digital maps, as well as paper maps, and
utilize data analysis tools such as Geographic Information Systems (GIS), which help students
develop spatial thinking skills.
Spatial Thinking
In its simplest form, spatial thinking is the ability to think about space. Tricoles (2012)
defines spatial thinking as “the way we navigate the world and manipulate the space around us”
(para. 2). For example, asking a person to give directions to a location requires them to use
spatial thinking. In the classroom, students use spatial thinking when they look at a graph and
explain the distribution of data. But spatial thinking also includes how a person uses spatial
information to make decisions. Newcombe and Huttenlocher (2000) concluded that, more than
just an important skill in the classroom, spatial thinking is an essential skill for life.
A formal study of spatial thinking began in 1948 when Jean Piaget and Barbel Inhelder
published The Child’s Conception of Space. In this book, Piaget and Inhelder studied many
dimensions of how children use spatial thinking. Piaget and Inhelder observed things as varied
as how children used their sense of touch to identify an object to whether a child could describe a
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location from a point of view other than his own. Piaget and Inhelder continued to publish
research on spatial thinking for decades after their original work. In 1967, Piaget and Inhelder
published an updated version of The Child’s Conception of Space in which they identified map
reading as a skill used to develop spatial thinking in children.
Following that research, other studies were conducted around spatial thinking and map
reading. In 1970, Feldman analyzed middle school students’ map drawings in order to determine
their level of spatial reasoning. Stasz and Thorndyke (1980) described the importance of spatial
thinking and its influence on map reading for middle school students. Both of these studies
furthered the belief that spatial thinking and map reading skills are highly correlated.
By 1994, when the first Geography Standards were published, spatial thinking was
considered a key skill for geography learning. The first “essential element” was “The World in
Spatial Terms” (Geography Education Standards Project, p. 34) and focused on students’ ability
to create mental maps, sketch maps from memory, recognize spatial patterns in people and
places, and use maps to report and process information. All of these tasks require students to use
spatial thinking.
Later, in the book Learning to Think Spatially, the National Research Council (2006)
proposed that a definition of spatial thinking should include understanding “concepts of space,
tools of representation, and processes of reasoning” (p. 12). The council included the importance
of spatial thinking in the ability to create mental representations, to remember places, and to
define relationships between places. Since that publication, several researchers have examined
the ways that students use spatial thinking skills and how those skills are taught in the classroom.
In a study of children’s spatial thinking, Battersby, Golledge, and Marsh (2006) collected
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data from students in sixth grade, high school, and college. They designed an activity of map
overlays where students had to overlay two maps to answer questions. High school and college
students did better than the middle school students. Battersby, Golledge, and Marsh concluded
that even young students are capable of understanding spatial concepts, but it is necessary for
students to be exposed to spatial concepts early in their education to lay the foundation for more
advanced spatial thinking as they get older.
In their summary of studies of spatial thinking in young children, Gersmehl and
Gersmehl (2007) agree that young students develop spatial thinking skills over time through
continual practice. Gersmehl and Gersmehl believe that students who master the skills when
they are younger will be able to use those skills for the rest of their lives.
One study which looked at the way spatial ability affects children as they age was
published by Kell, Lubinsky, Benbow, and Steiger (2013). They completed a longitudinal study
in 2013 in which they measured the spatial ability of students at 13 and again more than 30 years
later. They found that students’ early spatial ability was a predictor of later creativity, which
they defined as the ability to “create a product that is novel, useful, and surprising” (p. 1832).
The researchers also examined those students’ accomplishments, education, and employment as
adults as indicators of those students’ creativity and successes. The students that Kell, Lubinsky,
Benbow, and Steiger chose for their study were students who were identified as exceptional in
math and verbal reasoning skills, which may make it difficult to generalize to the regular
population. In addition, their study heavily favored male students; 79% of the students were
male. However, they demonstrated a need to help students develop their spatial skills.
While research has shown that spatial thinking skills are not static, but can be improved
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and taught, Newcombe (2010) argues that teachers do not yet fully recognize the need for
instruction in spatial thinking. The National Research Council (2006) agreed that spatial
thinking skills should be taught to students and that students should be able to understand spatial
thinking concepts. However, the council concluded that, despite spatial thinking being addressed
in the Geography Standards, students were not being taught spatial thinking skills in school. Jo
and Bednarz (2014) agree that “spatial thinking has not been recognized and appreciated until
recently, [so] it is unlikely that teachers incorporate spatial thinking into their instructional
practices” (p. 201).
Newcombe (2010) believes that the ability to think spatially is critical for student success.
In fact, Newcombe argues that spatial thinking should be as important as mathematical and
scientific thinking. Mohan and Mohan (2013) agree that “spatial thinking is arguably one of the
most important ways of thinking for students to develop as they learn geography, earth, and
environmental sciences” (p. 4). Because spatial thinking skills have been identified as critical
thinking skills that students should practice in school, it is important for educators to incorporate
spatial thinking skills into the curriculum (Battersby, Golledge, & Marsh, 2006).
Spatial Concepts
Jo and Bednarz (2009) identify spatial concepts as the foundation for spatial thinking. It
is through working with spatial concepts that students develop spatial thinking skills.
Newcombe (2010) agrees, pointing out that even young children can learn spatial concepts.
Several researchers have identified a variety of spatial concepts.
Newcombe (2010) suggests that simple spatial concepts such as in, out, up, and on can be
taught to young children to help them develop spatial thinking skills. In another study involving
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young children, Gersmehl and Gersmehl (2007) identified eight distinct spatial concepts
including location, region, and pattern. Gersmehl and Gersmehl used those spatial concepts to
evaluate students’ spatial thinking skills and determined that young children can develop
stronger spatial thinking skills through practice.
In order to create an evaluation tool for spatial thinking, Huynh and Sharpe (2013)
created their own list of spatial concepts taken from the Canadian National Standards for
Geography. They included spatial concepts such as contour, scale, region, and location. Jo and
Bednarz (2009) identified thirty-one concepts that are critical in spatial thinking; among these
were pattern, distribution, and layer. They used their list of spatial concepts to evaluate
geography textbooks and determined that most textbooks included only the simplest spatial
concepts, if any at all.
Throughout the literature, concepts such as location and pattern frequently recur in
relation to geography instruction. Many of the recurring terms are included in the National
Geography Standards (Heffron & Downs, 2013). In the NGS, spatial thinking is considered a
critical skill for all students to develop. While Huynh and Sharpe (2013) agree about the
importance of spatial thinking, they have suggested that spatial thinking in geography should be
considered a special subset of spatial thinking.
Spatial Thinking vs. Geospatial Thinking. In 1994, when the first edition of the
national geography standards, Geography for Life, was published, spatial thinking was seen as an
important part of geography instruction. Spatial concepts and spatial thinking were addressed
and mentioned specifically in the standards. This trend has carried over into the newest edition
of the geography standards as well. However, spatial thinking as it is addressed in a geography
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classroom is different from the type of spatial thinking that Piaget first studied. In geography,
students use spatial thinking to analyze data on maps, with geography as the context. In order to
help distinguish basic spatial thinking (comparing and/or referencing objects in relation to other
objects), Huynh and Sharpe (2013) used the term geospatial thinking (p. 4). Geospatial thinking
can be thought of as a particular subset of spatial thinking wherein a person compares and/or
references objects in relation to geographic locations.
While the NGS (Heffron & Downs, 2013) continue to use the term spatial thinking rather
than geospatial thinking, eleven of the eighteen standards address some type of what Huynh and
Sharpe (2013) would consider geospatial thinking. The NGS suggests that all students should
understand that “spatial patterns on Earth are ever changing, and human actions contribute to the
changes as people constantly modify and adapt to the realities of their cultural and physical
environments” (p. 13). Words such as pattern and distribution feature prominently in the NGS,
which are terms that are directly related to geospatial thinking.
In addition to the specific standards, the NGS identifies two geographic perspectives that
students need for the rest of their lives. These two perspectives are the “ecological” and the
“spatial perspectives” (p. 17). The spatial perspective is one lens through which students can
view and interpret geographical information. Using a spatial perspective, students are able to
begin to explain why certain events might occur in a certain location. For example, students
might be able to describe the relationship between early civilizations and the location of
freshwater. This type of exercise requires students to use geospatial thinking skills.
Given the amount of emphasis placed on geospatial thinking, teachers must look for ways
to incorporate more geospatial thinking opportunities into their instruction. However, adding
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geospatial thinking to the geography curriculum can be a challenge. A natural first step for
teachers would be to turn to their geography textbooks to help them incorporate geospatial
thinking. Unfortunately, Jo and Bednarz (2009) found that geography textbooks offer few
opportunities to use geospatial thinking, and when they do, the activity rarely requires higherorder thinking. Jo and Bednarz warn that the memorization of geographic facts, an activity that a
textbook might promote, is not an adequate means of teaching geospatial thinking. If the
textbook is not the best resource for teachers who wish to develop students’ geospatial thinking
skills, teachers must look for other ways to incorporate this important skill.
Geographic Information Systems
GIS: An overview
Geographic Information Systems, or GIS, is “a computer-based system to aid in the
collection, maintenance, storage, analysis, output, and distribution of spatial data and
information” (Bolstad, 2002, p.1). Put simply, GIS is a database that connects any collection of
data to a map and can overlay the two, providing for a method to visualize and interpret data in a
spatial way. In this way, GIS allows users to see geographic patterns in data that may not
otherwise be obvious.
While GIS is a technology tool, it is not as new as one might expect. The Environmental
Systems Research Institute (ESRI), perhaps one of the most well-known GIS software
developers, started their operations in the 1970s (ESRI, 2012). Over the past forty years, many
professions have incorporated GIS into their operations, from oil companies to police
departments. GIS, as it is used in the professional sector, is commonly purchased as specific,
and often expensive, software. GIS is not a tool that was developed for use in the schools;
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however, educators have recognized that it is a valuable instructional tool.
GIS and Geospatial Thinking
Due to the emphasis on geospatial thinking in the NGS, researchers have been examining
the use of GIS as a tool for geospatial thinking (Heffron & Downs, 2013). Several studies have
been conducted that establish a clear connection between the use of GIS and its effects on
geospatial thinking. These studies have been conducted with students across grade levels; from
fourth grade through college.
Two separate studies focused on college students’ use of GIS. In the first study, the use
of GIS was found to positively affect college students’ geospatial thinking (Lee & Bednarz,
2009). Kim and Bednarz (2013) went a step further when they studied “spatial habits of mind”
(p. 165), which they defined as “an internalized thinking process that uses spatial ways of
thinking” (p. 165). Their study focused on college students and their self-assessment of spatial
habits of mind. They determined that using GIS improved college students’ spatial habits of
mind.
Even younger students can develop geospatial thinking skills through the use of GIS.
Patterson (2007) examined GIS as a tool used in a seventh-grade classroom. He found that using
GIS helped improve students’ geospatial thinking. In 2010, Perkins, Hazelton, Erickson, and
Allan showed that the use of GIS helped build middle school students’ spatial awareness, a subskill of geospatial thinking. Shin (2007) found that the longer elementary students worked with
GIS, the more complex their descriptions for locations became, and students began to describe
places in relation to other points of reference.
These studies indicate that GIS can be used successfully by students of almost any age.
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In addition, GIS can help students develop geospatial thinking skills. The challenge for
educators is to use GIS as a teaching tool. One curricular area where GIS has been both studied
and recommended for use is geography.
GIS in Education
GIS may not have been designed for students in elementary and secondary schools, but
its applications there are considerable. The use of GIS in education has many benefits, including
making learning more engaging for students and increasing student motivation (Collins &
Halverson, 2009; NRC, 2006; Shin, 2007). In addition, GIS has the potential to increase
students’ problem-solving and geographic reasoning skills, considering the following quote from
the National Research Council (2006): “GIS succeeds as a tool for both curiosity-driven
scientific research and context-driven problem-solving work…” (p. 177).
According to the NRC (2006), GIS can also be a useful tool to make learning more
manageable for more students. GIS is customizable, meaning that students can scale it up or
down as their comfort and needs allow. GIS is visual, which allows students, who are not
auditory learners by nature, another way to process information. GIS is also flexible enough as a
learning tool to be applied across many disciplines.
Educational researchers were touting the use of GIS in education as early as 1992 when
Robert Tinker wrote about applications for GIS in the classroom. He believed that through the
use of GIS students could be more actively engaged in learning by making information more
personal and concrete. Tinker called for teachers to use GIS to develop students’ “geographic
reasoning” (p. 46). Tinker did not go as far as to research how GIS might help develop
geographic reasoning, but he made generalizations based on his experience with GIS in the
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classroom. The National Geography Standards (Heffron & Downs, 2013) emphasize the
importance of students’ geographic reasoning, the ability for students to be able to answer
geographic questions using geographic information. The NGS specifically mention GIS as a tool
for students to use in the classroom which allows them to collect and analyze geographic data.
This type of data analysis also develops students’ critical thinking skills. Patterson
(2007) claims that Google Earth, a simpler GIS-like tool, helps develop students’ critical
thinking skills. Patterson did not work with students, but did develop a sample lesson involving
GIS to illustrate how it could be incorporated into a lesson. Patterson believes that by using GIS
in the classroom, students can be asked to examine the data and make inferences about why the
data appear the way they do, or how one set of conditions may affect another. The National
Research Council (2006) writes that GIS is unparalleled in its ability to provide students with
real-world problem-solving work. Through GIS, students can ask questions and investigate the
answers using authentic data.
Students can also perform investigations that are open ended, which Henry and Semple
(2012) argue supports constructivist learning. Henry and Semple developed lessons using GIS
and shared them with teachers at a workshop. Teachers in the workshop agreed that the GIS
lessons provided students the opportunity to perform investigations using real-world data and
critical thinking.
While students are engaged in real-world problem solving, their motivation also
increases. West (2003) determined that GIS could be used to increase student motivation for
learning. West surveyed students in high school and college who had used GIS to determine
their feelings toward the subject they were studying and computers in general. He found that
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students felt more motivated to learn when using problem solving and tools such as GIS to
complete tasks.
While GIS has been demonstrated to provide students with many benefits, schools have
been slow to adopt this useful tool. Researchers have identified several reasons for this. One
reason that teachers may have initially shied away from using GIS was its cost. The software
alone can cost upwards of $4,000 per year, and then a user would need to purchase the data to
use with the software (ESRI, 2014). That initial deterrent has been mitigated in recent years as
more and more organizations have made their data free online to the public. In addition, ESRI
offers ArcGIS Online where users can access a GIS for free online without purchase or
download.
Despite the introduction of free online tools, there are still other reasons why educators
might not choose to use GIS in the classroom. One of those is the availability of the hardware
necessary to run an online program like ArcGIS Online. Many districts continue to struggle with
funding the necessary updates to technology. GIS requires faster computers and high-speed
internet access, which is not available in all districts, especially those with outdated technology
(Henry & Semple, 2012).
Even with access to computers and the software, teachers are still not likely to use GIS in
the classroom. Audett and Paris (1997) surveyed 45 teachers to identify some of the biggest
impediments that teachers see to implementing GIS in the classroom. While the sample size was
relatively small, teachers identified lack of curricular support materials as one major impediment
to GIS implementation. Without these types of materials, teachers who use GIS may not be
using it as effectively as it could be used. Audett and Abegg (1996) pointed out that while
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teachers were able to teach the GIS to the students, they were not always able to use the GIS to
promote higher level thinking skills for their students.
Patterson (2007) also identified lack of time to learn the new technology as another major
reason teachers have been slow to adopt GIS as a teaching tool. Teachers need time to learn to
use the tool and to identify its benefits for themselves before they are likely to bring this tool into
their classrooms. Once teachers feel comfortable with the technology, they also need time to
develop lessons that use GIS, which Kerski (2003) identified as another obstacle for teachers.
In addition to needing the time to learn to use the technology, teachers may need specific
training on how to use the tool most effectively. Using a new tool in the classroom requires
teachers to take on a degree of risk: risk that the software will fail, risk that students will ask
questions that the teacher may not be able to answer. Peter Jenner (2006) writes about the
experiences of using GIS at a high school in Australia. He asserted that one challenge this
school faced was that teachers would avoid the perceived risks of using a new technology
without proper scaffolding of training. In order to mitigate some of those risks and convince
more teachers to use GIS, they need to be given time to learn how to use the technology.
McClurg and Buss (2007) point out that it is unlikely that most practicing teachers have
the time to teach themselves to use the technology. Their study followed teachers who were
actively engaged in their own professional development. Teachers in the study were selfreporting their use of GIS, but they reported that having sustained professional development
helped them to continue using GIS in their classrooms. In interviews, teachers identified that
they seek out training only when they know that the tool they learn about will have a positive
impact on student learning (Lay, Chen, & Chi, 2013).
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In a study to examine the types of training that teachers would find most helpful, Hong
(2014) found that teachers preferred one-on-one coaching with GIS in order to feel most
comfortable adopting it in their classrooms. Hagevik (2011) agrees that teachers need time for
professional development. She conducted case studies with practicing teachers and tracked their
progress as they participated in professional development. Each teacher struggled at first to use
the technology but became more proficient and comfortable over time and with training. While
this study focused on only a few teachers, the results may be generalizable. In many cases, it is
up to individual districts to provide some sort of training for the teachers that can demonstrate
the uses of GIS in the classroom.
GIS is a powerful tool for developing problem-solving and critical thinking skills
(Patterson, 2007; Tinker, 1992). Unfortunately, GIS has not yet gained widespread use in the
classroom. Reasons for this are many and varied, but none are insurmountable and the new NGS
promote GIS as a critical tool for geographic reasoning and geospatial thinking (Heffron &
Downs, 2013).
GIS in the Geography Classroom. GIS was designed to help users identify patterns and
distribution, a key skill required in the NGS. GIS allows for multiple opportunities for students
to use geospatial thinking skills in the classroom. The NGS (Heffron & Downs, 2013) identifies
exactly these types of skills as essential to geography instruction.
The NGS (Heffron & Downs, 2013) identifies three “enduring understandings” (p. 13)
which students need to master in order to develop a “geographic lens” (p. 13). Two of the three
“enduring understandings” are directly applicable to use with GIS. One of the enduring
understandings is that students can use “geographic representations, analyses, and technologies
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to support problem solving and decision making” (p. 13). Using GIS, students can create
geographic representations using data that they have collected themselves or that they find
online. After they have displayed this data, students can then analyze the visual representation
that GIS creates. Through the use of GIS, students can evaluate data on a global scale and make
informed decisions based on this data. For example, students might be asked to examine a map
of the frequency of tornadoes in certain areas and to discuss the implications for the people who
live in those areas.
Geography Standard 8 is the study of “the characteristics and spatial distribution of
ecosystems and biomes on Earth’s surface” (Heffron & Downs, 2013, p. 19). Students can use
GIS to overlay maps of different biomes and analyze the resulting maps for patterns in the
distribution of those biomes. Geography Standard 10 includes the study of “the characteristics,
distribution, and complexity of Earth’s cultural mosaics” (p. 19). Using GIS, students can
overlay maps of different cultures and examine the distribution and patterns of those cultures.
Geography Standard 12 includes the study of “the processes, patterns, and functions of human
settlement” (p. 19). Students can create maps to show where humans settled historically and
then analyze patterns among settlements.
Several studies have been conducted in geography classrooms to evaluate the use of GIS.
In 2006, Shin studied fourth-grade students’ geography content knowledge and map skills after
using GIS in the classroom. Students in that study did show improvement in geography content
knowledge over time. In another study with elementary-aged children, Huang (2011) found that
fifth-grade students who were allowed to explore geographic content using GIS performed better
on a geography content test than students who used a fixed map. In their study of high school
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students in a geography class, Liu, Bui, Chang, and Lossman (2010) found that students who
used GIS showed more analytical and evaluation skills than those who did not.
GIS is an invaluable tool in geography education. Through the use of GIS, students are
able to use many of the skills that the NGS identify as essential. One area where GIS has not
been studied so well is in the science classroom.
GIS in the Science Classroom. GIS can be used to aid in Geography instruction and has
been largely evaluated in the context of the geography classroom, but the latest report published
by the American Association of Geographers calls for these geographic skills to be taught in
other curricular areas as well (Bednarz, Heffron, & Huynh, 2013). One area where researchers
have identified ways that GIS can be used to enhance instruction is science.
Nielsen (2012) identified GIS as a valuable tool for enhancing science lessons by adding
authenticity to science classroom experiences. Nielsen demonstrated that GIS could be used in
each step of the BSCS 5E model for science instruction (p. 2). The 5Es are engagement,
exploration, explanation, elaboration, and evaluation. Addressing each step, Nielsen provided
exemplar lessons which incorporated GIS that also helped students learn and engage with
science content.
Another study found that investigation, an important scientific thinking skill, could be
promoted through the use of GIS (Akerson & Dickinson, 2003). In this study, Akerson and
Dickinson created a course for adult learners in which the students identified a problem and then
used GIS to investigate the problem further. Students in this course demonstrated gaining
content knowledge as well as understanding of the nature of science based on a questionnaire
given before and after the course.
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Perkins, Hazelton, Erickson, and Allan (2010) used GIS in a middle school ecology class.
Students were able to collect data from their own school yard and represent that data using GIS.
They found that middle school students’ geospatial thinking was enhanced when GIS was used
in conjunction with the science curriculum. Perkins, Hazelton, Erickson, and Allan based their
findings on students’ drawings of their school grounds before and after instruction with GIS.
Similarly, Kulo and Bodzin (2012) studied the integration of GIS into the science
curriculum. Their study focused on middle school students whose teacher integrated GIS into a
science unit on energy. Kulo and Bodzin administered a pre- and posttest to assess student
content knowledge. They found that the use of GIS increased eighth graders’ science content
learning. Hall-Wallace and McAuliffe (2002) investigated the use of GIS in a geology class for
undergraduate students. Student scores rose 17% from pre- to posttest. Hall-Wallace and
McAuliffe also identified a positive correlation between students’ scores on the content test and
students’ spatial thinking scores.
While studies have addressed science content knowledge and GIS, two important science
practices, investigation and evaluation, have rarely been addressed using GIS in a science
context. More research is needed that focuses on this area.
Conclusion
New pressure has been put on teachers to increase students’ higher level thinking while
creating interdisciplinary lessons. One higher level thinking skill that has been identified as
essential by the NGS is geospatial thinking. According to the National Geography Standards
(Heffron & Downs, 2012), “Understanding spatial patterns and processes is essential to
appreciating how people live on Earth” (p.17). This assertion establishes a purpose for
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researching ways that students can better practice and hone their geospatial thinking skills. The
National Research Council (2012) recognized that geospatial thinking is a broad concept, not
bounded by specific curricular areas. However, the NRC also identified spatial thinking as a
skill that is critical in the study of science. They concluded that despite the clear importance of
geospatial thinking, it is a “blind spot” in American education (p. 231).
Because GIS is a tool that can be used to develop geospatial thinking skills, research that
examines the degree to which GIS develops those skills would be pertinent. In addition, the
recent publication of the NGSS requires science teachers to provide students with opportunities
to use real-world tools in order to use the science practices of investigation and evaluation. As
teachers begin to implement these new standards, it is important to evaluate tools such as GIS
that may help students meet these more rigorous expectations.
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CHAPTER 3
METHODOLOGY
Introduction
The NGSS focus on the science practices of investigation and evaluation is a conceptual
shift from the way that science has traditionally been taught (NGSS Lead States, 2013). GIS is a
tool that teachers can use in the classroom to shift students’ focus to investigation and evaluation.
GIS has also been identified as a tool that can increase student’s use of a critical thinking skill,
geospatial thinking. However, the use of GIS has rarely been studied in the context of a science
classroom (Henry & Semple, 2012; Patterson, 2007). As a result of these new expectations,
teachers are looking for ways to increase the rigor of their lessons by incorporating more
opportunities for students to use critical thinking skills. The focus of this research is one type of
critical thinking: geospatial thinking. The NRC (2012) lamented the lack of training for students
in geospatial thinking, indicating that geospatial thinking is a critical skill that is often
overlooked as being just a skill to be taught in a geography classroom. However, few science
teachers have been trained to teach geospatial thinking skills or to use GIS, a tool which has been
shown to improve geospatial thinking skills. The purpose of this study is to examine the effects
of GIS on middle school students’ geospatial thinking and the science practices of investigation
and evaluation.
This chapter will identify the research questions and research design. The participants
and setting will also be described. Next, the data collection procedures will be described in
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detail. Finally, there is a description of how each type of data will be analyzed and a brief note is
provided about the limitations of the study.
Research Questions
This study addresses the following research questions:
1. How does the use of GIS affect seventh-grade students’ geospatial thinking skills?
2. How does the use of GIS affect seventh-grade students’ use of the science practices of
investigation and evaluation?
Research Design
The research design used in this study is mixed methodology. According to Mertens
(2015), mixed methods are frequently used in educational research where the research questions
are complex. The research questions in this study are complex because they focus on processes,
such as investigation and evaluation, that are hard to measure in a quantitative way. These
questions are best answered with both quantitative data and qualitative data. This particular
design follows what Mertens described as an embedded design because the qualitative data is
collected in order to help explain the quantitative data.
In this study, the researcher focused on students’ geospatial thinking. Students’
geospatial thinking was measured using a quantitative approach and then students and their
teacher were interviewed in order to provide some context or explanation for the quantitative
data. Student work samples, which included a section for students to use geospatial concepts to
describe what they see in the GIS, were collected. These work samples further helped to show
how students use geospatial thinking when using GIS. A second group of students, who did not
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participate in the use of GIS, took the same geospatial thinking assessment as the group who did
use GIS. The scores from this group were used to examine differences between the two groups.
The researcher also focused on students’ use of the science practices of investigation and
evaluation. Student work was assessed for the use of investigation and evaluation skills,
providing a numeric score. However, because investigation and evaluation are complex thought
processes, interviews with both the students and the teacher added further information about how
students were evaluating and investigating the science content through the use of GIS.
Participants
This study took place at a rural middle school in the midwestern United States. The total
population of the school is 436 students. The school is 82% White, 1% Black, and 16%
Hispanic. Forty-one percent of the students are identified as low income (Illinois Report Card,
2016). Students at this school have all been given their own Chromebooks to use at school and
at home, so they use computers in nearly all of their classes.
The participants in this study were seventh-grade students with two different science
teachers in a single school. Seventh grade was chosen due to the district’s curriculum requiring a
focus on biological science at this grade level. GIS is well suited for biological science studies.
The content of this particular course was on symbiotic relationships. Students used GIS to
examine data about different types of animals and look for relationships between the data sets.
The teachers were recruited for this study by the researcher. One teacher taught one
period of science to 19 students. This teacher served as the control group for the study. The
second teacher taught five science classes with 120 students. The first teacher, with only one
science class, did not use GIS as part of her regular science instruction. This teacher signed a
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letter of consent (Appendix A). The second teacher met with the researcher for instruction on
using GIS and then used GIS as part of her instruction for all seven of her classes.
During the spring, students were recruited to participate in this study by the researcher.
Students were introduced to the study and provided with a letter of assent (Appendices B & C).
A letter of consent (Appendices D & E) was also obtained from each student’s legal guardian.
Letters of assent and consent were collected by the teacher prior to the study. Confidentiality
was maintained throughout the study through the use of pseudonyms when referencing students,
teacher, or school.
GIS Modules
As part of this study, the teacher incorporated three different GIS modules into her
science instruction. During this study, the seventh-grade life science curriculum included a study
of both animal habitats and predator/prey relationships. The three GIS modules were chosen to
supplement her regular instruction for these two areas of study. The data used for these modules
was available for free online through the website ArcGIS.com and was selected by the teacher
prior to the lesson. The teacher chose each of the data sets in order to scaffold the use of GIS for
increasingly more complex data analysis for her students.
Module 1
For the first GIS lesson, students used ArcGIS.com. Students opened a satellite image of
Earth and then added a data layer for world temperature data. Once this layer was added,
students were asked to describe what the data looked like. For example, a student might notice
that the colors change as they near the poles. After the first observations, students were
instructed to add a second layer of data that showed annual precipitation. After both of these

46
layers were added, students were asked to describe any similarities or differences that they
noticed between the two layers. For example, students might notice that in some warm places
there is more precipitation than in other warm places.
Module 2
In the second GIS lesson, students also used ArcGIS.com. In this lesson, students were
asked to make observations of ocean temperature data and the location of coral reefs. These two
data sets were chosen due to their easily visible similarities. The locations of coral reefs
corresponded to the warmer ocean temperatures. Students were asked to identify the similarities
between the two layers and then hypothesize how they might be related. For example, because
coral reefs were not located in colder waters, students might hypothesize that coral cannot
survive in colder temperatures.
Module 3
For the third and final GIS lesson, students again used ArcGIS.com. Rather than focus
on habitats, this lesson focused on predator/prey relationships. In this lesson, students were first
asked to make observations of polar bear habitats worldwide. This data set was different from
previous data in that it was not as stratified on the world map, making the description of the data
more complex. After noting observations of polar bear habitats, students added a layer of data
for ringed seal habitats. Students were asked to make observations of the ringed seal habitats
and then compare those with the polar bear habitats. Finally, they were asked to hypothesize
what relationship these two animals might have because their habitats overlapped.

47
Data Collection
Data collected for this study included both quantitative and qualitative data. The
qualitative data served to explain and support the findings of the quantitative data in what
Mertens (2015) refers to as “embedded design” (p. 308). Creswell (2009) also discusses this
type of mixed-methods data collection as concurrent triangulation, when the researcher examines
both the quantitative and qualitative to look for places where the data present differences or
similarities. Figure 3 provides an example of a timeline for how the data was collected. The
total time for the study was six weeks. Students took the pretest on week one, completed one
activity with GIS each week for three weeks, and then took the posttest. The student interviews
took place in the sixth week.

Figure 3: Timeline of study.

Quantitative data included the Geospatial Thinking Scale (GTS; Appendix F) and student
responses to each of the GIS activities (Appendix G). Qualitative data included teacher
interviews and student interviews. Thirty-nine students, representing 33% of all of the students
in the classes that used GIS, were interviewed in small groups of three or four. Four students
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from the class that did not use GIS, 33%, were also interviewed. Table 1 records a visual display
of the data that was collected and how each applies to the research questions.

Table 1
Data Collection Tool For Each Research Question

How does the use of GIS affect
seventh-grade students’ geospatial
thinking skills?
How does the use of GIS affect
seventh-grade students’ science
practices of investigation and
evaluation?

GTS

Teacher
Interviews

Student
Work
Samples

Student
Interviews

X

X

X

X

X

X

X

Quantitative Data
Geospatial Thinking Scale. Quantitative data consisted of the Geospatial Thinking
Scale (GTS) and student work samples from GIS activities. The GTS was developed by Huynh
and Sharpe (2013) to “measure students’ understanding of geospatial relations” (p. 4). The
original GTS included 30 questions that were based on the Canadian Geography Standards and
geospatial thinking skills such as overlay, spatial relationships, and spatial distribution. Huynh
and Sharpe identified six dimensions of geospatial thinking which were reflected in their
assessment. Those six dimensions are analysis, comprehension, application, representation,
scale, and spatial relationships. Of these six, Huynh and Sharpe identified representation, scale,
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and spatial relationships as specifically geospatial in nature and analysis, comprehension, and
application as problem-solving skills that are important to geospatial thinking.
The reliability of the GTS is 0.777 and the assessment has both content and face validity
as reported by Huynh and Sharpe (2013). The GTS was designed to be given to high school and
college students. Huynh and Sharpe reported that high school students scored lower on the GTS
than college students, which supported the idea that geospatial thinking develops over time.
For this study, the GTS was slightly modified to make it more manageable for seventhgrade students. Rather than assessing all six of Huynh and Sharpe’s (2013) original dimensions
of geospatial thinking, this instrument assessed only four: analysis, application, representation,
and spatial relationships. Some of the more complex questions were removed and some of the
maps were changed from maps of Canada to local maps. The Geospatial Thinking Scale (GTS;
Appendix F) used in this study included multiple-choice questions as well as short-response
questions and a single question that required students to draw a map based on what they
remembered from a 20-second view of a map (Appendix H). The GTS was given both pre- and
postintervention with about four weeks between each administration. The second group of
students, who were not a part of the intervention group, also took the GTS in order to create a
comparison group.
The modified GTS assessment was field tested as suggested by Mertens (2015). The
field test was done with one sixth-grade class who took the assessment before engaging in GIS
activities related to an earth science unit. After the unit and GIS activities were complete, the
students took the same assessment a second time. During field testing, it was noted that several
of the original questions were very difficult to score given their subjectivity. Those questions

50
were modified to include short answer questions that could be scored with a range from 0,
indicating that the student did not attempt to answer the question, to 3, indicating that the student
correctly answered the question. This range allows for credit to be given for attempts at using
geospatial concepts correctly. There are 28 total points possible.
As designed by Huynh and Sharpe (2013), each question is included to address key
geospatial dimensions of thinking as well as general problem-solving skills that are applied in a
geographic context. Table 2 details both the geospatial thinking dimensions and the problemsolving skills addressed in the modified GTS.

Table 2
GTS Questions and Concepts
Geospatial Dimensions of Thinking

Representative Questions

Spatial Relationships

Question 3c, 5b, 5c

Representation

Question 6a, 6b, 7a, 7b

Problem-Solving Skills Applied in
Geographic Content
Analysis

Question 1, 2a, 2b, 3a, 3b

Application

Question 4a, 4b, 5a

Student Work Samples. Quantitative data also included student work samples.
Students were given a worksheet to complete as they used GIS (Appendix G). This worksheet
included questions that guided students to use geospatial vocabulary and apply the science
practices of investigation and evaluation. In order to examine how students used those science
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practices, questions were designed to require students to investigate GIS data and/or evaluate
GIS data. These worksheets were also scaffolded to include increasingly more complex data
sets. For example, on the first worksheet, students were asked to examine global temperatures.
Students were asked to use geospatial vocabulary to describe global temperatures, such as
identifying that warmer temperatures were found close to the equator. Then, students were asked
to add a second layer of data, global precipitation, over the top. Students were asked to note any
patterns between the two data sets and evaluate what the relationship might be between the two.
Global temperature data provides an easy-to-interpret visual with large east-to-west lines of
color. Later data sets, such as polar bear ranges, not as easily described, required students to use
more complex geospatial vocabulary terms. Students’ work samples were evaluated based on a
researcher-designed rubric (Appendix I). The rubric was developed to assign a score to students’
use, or attempted use, of geospatial concepts as well as assess whether or not they could
accurately investigate and evaluate information presented in a GIS.
Qualitative Data
Teacher Interviews. Qualitative data was used to enhance or explain the quantitative
findings. The researcher interviewed the teacher of the group that used GIS two times during the
study and once after the completion of the study, for a total of three interviews. Interview
questions were designed to address both the teacher’s observations of students’ use of GIS in
general as well as students’ use of geospatial vocabulary specifically. In addition, the researcher
asked the teacher to describe how students used GIS to investigate and evaluate data (See
Appendix J). The teacher was interviewed after the first GIS activity and then again after the
second and third GIS activies, so that the researcher could note any changes in the teacher’s
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perceptions over time. The teacher of the group that did not use GIS was not interviewed due to
the focus of the research being on GIS. Since this teacher did not have any experience with GIS,
she would not be able to talk about any differences that she saw with the students or any
advantages to not using GIS, for example.
Student Interviews. After the unit was complete, the researcher conducted student
interviews. The researcher interviewed 39 students or 33% of all students who used GIS in their
science class. These interviews were conducted as a group of three or four students who were
randomly selected by the researcher. Each group was interviewed only one time. Prior to the
interview, students had not personally met with the researcher. Students were interviewed as a
group in order to help them feel more comfortable in the interview setting. Students were
interviewed in order to help understand students’ perceptions and experiences (Dana & YendolSilva, 2003; Mertens, 2015).
Interview questions focused on students’ perceptions of using GIS and how they believed
GIS affected their engagement in the science practices of investigation and evaluation (Appendix
K). Students’ responses helped to explain the results of the data collected from student work
samples. Students were chosen at random for this interview and asked to talk about their
experience with using GIS. Each interview lasted about 15 minutes on average and was held at
the students’ school during regular class time.
In addition to interviewing students who used GIS, the researcher also conducted
interviews of four students or 33% of students who did not use GIS in their science class but who
took the GTS. These students were randomly selected and asked questions that were similar to
those asked of the students who used GIS, but without the emphasis on GIS (Appendix L).
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Students from this group were chosen at random and the interview about 15 minutes. Students
were interviewed during their regular class time.
Data Analysis
Quantitative Data
Geospatial Thinking Scale. The pre and post GTS test scores were analyzed in several
ways. First descriptive statistics such as mean and median were used to look at overall trends
among the intervention group as well as between the intervention and nonintervention groups.
The researcher also used a paired-samples t test to compare student scores from pre- to posttest
and report the effect size (Mertens, 2015). A paired-samples t test was also used to compare the
scores of the group that used GIS with the group of students who did not use GIS.
The map and short response questions were evaluated based on a researcher-created
rubric (Appendix M) which assigned a numerical value that was used in calculating total scores.
The rubric for the 20-second map was designed after consultation with the original developer of
the GTS, Dr. Niem Huynh. Students were assigned points from zero to five. Students earned
points not only for how many items they were able to recall from the original map but also for
placing them in the correct location.
The short-response questions were also scored using a researcher-generated rubric. This
rubric was developed after a field test of the GTS was conducted. On the original GTS, several
questions required students to circle geospatial vocabulary words that described a map.
Questions that required students to circle geospatial vocabulary without asking students to
explain their choices were difficult to quantify due to the subjective nature of the geospatial
vocabulary word choices. Based on that field test, the researcher kept the word bank but added
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the requirement that students use the word in a sentence to explain why they felt the word was an
appropriate choice. For these short-answer questions, students earned between zero and three
points: zero points for no answer, one point for inaccurate use or no use of geospatial
vocabulary, two points for correctly using one geospatial vocabulary word and three points for
correctly using two or more geospatial vocabulary words.
Because the scoring of both the 20-second map and the short answer questions could be
subjective, two scorers in addition to the researcher scored students’ work. The two additional
scorers were teachers who were both familiar with the grade level and the content of the
material. In the event that a student scored a different number of points on the 20-second map or
any of the short-response questions, the researcher and the scorers discussed any discrepancies
and reached a consensus so that there was only a single score assigned to each question.
Student Work Samples. Student work samples consisted of responses to researchergenerated questions on a worksheet (Appendix G). Student work samples were completed
during each of the three lessons in which students used GIS. The lessons were evenly spaced out
over a three-week time which allowed the researcher to identify changes in student responses
over time. Appendix M shows the rubric that was used to evaluate students’ use of geospatial
vocabulary and the science practices of investigation and evaluation. Students could score up to
10 points: eight points for investigation and two points for evaluation. Each question was
labeled with the science practice that it addresses. Two of these questions also required students
to correctly use geospatial vocabulary for a total of six points. These scores were evaluated
using descriptive statistics. Particular attention was paid to how students’ scores changed over
the course of the study.
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Qualitative Data
Teacher Interviews. Transcripts of the teacher interviews were analyzed using coding.
The researcher used open coding to analyze the interview transcripts (Mertens, 2015). The use
of open coding allowed themes to develop during the coding process (Creswell, 2009). Once
each of the interviews was coded, the researcher looked for themes and patterns across the three
interviews. Of particular interest to the researcher was the teacher’s perspective on how students
experience GIS as an instructional tool for the science processes of investigation and evaluation.
The researcher also compared the three interviews to look for changes in the teacher’s responses
from the first experience with GIS to the third.
Student Interviews. Transcripts of the student interviews were also analyzed using
coding. The researcher allowed themes to develop during the coding process but also by using
some predetermined codes (Creswell, 2009). Predetermined codes included geospatial
vocabulary words, investigation, and evaluation. Each of these codes apply directly to the
research questions. While coding the transcripts of the student interviews with the students who
used GIS, the researcher was specifically interested in the students’ perspectives about their
experiences using GIS as a tool for engaging in science processes. Student perspectives is one
theme identified by Bogdan and Biklen (1992) as a common theme for qualitative research. In
addition, the researcher used “sign coding” to identify when students used geospatial vocabulary
and if they used it correctly during the group interview (Tuckman & Harper, 2012, p. 233).
The interviews with the students who did not use GIS were analyzed similarly, but the
researcher examined these in comparison and contrast to the interviews with the other group of
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students. Specifically, the researcher examined whether or not the students used similar
vocabulary in each group and how they described their experience in science class.
Summary
This chapter reviewed the research purpose and questions. This chapter described the
participants and setting and discussed the research design that was used. In addition, this chapter
previewed the data collection tools that were used and how that data was analyzed. The next
chapter will examine the findings of this research.
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Chapter 4
FINDINGS
The following chapter includes the results of the data analysis. Students who used GIS in
their science class improved their geospatial thinking skills compared to students who did not use
GIS. Students who used GIS also improved their science practices of both investigation and
evaluation.
GIS and Geospatial Thinking Skills
The first research question was: How does the use of GIS affect seventh-grade students’
geospatial thinking skills? Based on the Geospatial Thinking Scale (GTS) test results, the use of
GIS improved students’ geospatial thinking skills. The group that used GIS scored higher on the
posttest than the group that did not use GIS (Table 3). Student scores on the GTS rose 14% from
pretest to posttest for the group that used GIS and only 1% for the group that did not use GIS
(Figure 4).
Results of a t test indicate a significant difference from pretest (M=13.3, SD = 4.63) to
posttest (M = 17.41, SD = 4.34) for the students who used GIS, t(73) = -8.75, p = <.05. The
mean increase in test scores was 4.11 with a 95% confidence interval ranging from 5.04 to 3.17.
The eta squared statistic (.51) indicated a large effect size.
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Table 3
Results of Descriptive Statistics for Control Group and Experimental Group GTS Tests.
Group

Test

N

Mean (SD)

Control

Pretest

10

12 (4.52)

Posttest

10

13 (4.37)

Pretest

74

13.30 (4.63)

Posttest

74

17.41 (4.34)

Experimental

Figure 4: Pretest/Posttest scores for both the control group and the group that used GIS.
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To further analyze the GTS scores, questions were grouped by geospatial thinking
category, geospatial dimensions of thinking and problem-solving skills applied in a geographic
content (Table 4). On four of seven questions involving geospatial dimensions of thinking,
students’ scores significantly increased, indicating that the use of GIS improved students’
geospatial dimensions of thinking. However, students’ scores significantly increased on only
two of eight questions involving problem-solving skills applied in geographic content. Further
analysis of individual questions in each category will be discussed in the next section.
Geospatial Dimensions of Thinking
The data collected from the item analysis of the GTS indicate that the use of GIS can
increase students’ geospatial dimensions of thinking in both spatial relationships and
representation (Figure 5). Two questions which focused on spatial relationships on which
students made significant gains were 3c and 5c. Both of these questions assessed the students’
ability to correctly use spatial vocabulary in order to describe spatial relationships. Many
students chose to leave those two questions blank on the pretest. During the activities that
students completed in class, they were repeatedly asked to analyze maps using spatial
vocabulary. This practice with spatial vocabulary could be seen in students’ writing. For
example, on the pretest, Jake wrote, “I don’t know,” as his answer to question 5c. This question
required students to use spatial vocabulary to describe the location of some schools and a park.
The teacher noted that during the first activity many students were able to use geospatial
vocabulary without even knowing that they were doing it. After more practice, Jake answered
the same question on the posttest with, “This school is beside a park.” Jake was able to correctly
use a spatial vocabulary term. Another student, Ethan, attempted to use the spatial vocabulary in
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Table 4
Score Comparison By Test Item

Geospatial Spatial
Dimensions Relationships
of Thinking

Representation

Problemsolving
Skills
Applied In
Geographic
Content

Analysis

Application

*significant at p = <.05 level

Question
Number

Pretest
Mean
(SD)

Posttest
Mean
(SD)

t-test

3c

.97(.81)

2.00(.87)

-9.14 <.01*

5b

.22(.42)

.21(.41)

5c

.89(.87)

1.56(.87)

-5.18 <.01*

.63

6a

.58(.50)

.64(.48)

-.84

.40

.10

6b

.64(.48)

.53(.50)

2.19

.03*

-.26

7a

1.29(.96)

1.57(.80)

-2.81

.01*

.33

7b

1.10(.77)

1.51(.71)

-4.85 <.01*

.57

1

2.85(1.29)

3.80(1.11)

-8.75 <.01*

.59

2a

.61(.49)

.70(.46)

-1.54

.13*

.18

2b

.81(.39)

.81(.39)

0

1

0

3a

.78(.41)

.86(.34)

-1.29

.2

.15

3b

.18(.38)

.30(.49)

-2.11

.04*

.25

4a

.45(.50)

.55(.58)

-1.24

.30

.14

4b

1.84(1.1)

2.32(.83)

-3.54 <.01*

.41

5a

.21(.41)

.19(.40)

.276

-.03

.30

p
value

.77

.78

Cohen
’s d
1.06
-.04
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his answer on the pretest. He wrote, “Area of parks related to schools.” However, on the same
question on the posttest, Ethan was able to write, “There are a few schools clustered near a park.”

Figure 5: Effect size by geospatial dimension of thinking.
Students also showed significant improvement on two questions, 7a and 7b (Figure 6),
which focused on the geospatial dimension of representation. While using GIS during the class
activities, students were focused primarily on adding and interpreting different layers. Similarly,
these two questions required students to imagine layering two maps in order to draw what the
maps would look like when layered and explain how they were able to do so. The teacher noted
during her interview that one student said, “Oh, like the different layers on the GIS,” after asking
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about this question on the posttest. These two questions closely mirrored the type of work that
students had been doing with GIS, and students were able to apply what they had learned using
GIS to answer questions 7a and 7b.

Figure 6: Question 7a.
Problem-Solving Skills Applied in Geographic Content. While students’ scores
improved in the areas of both application and analysis, there were only two questions, 1 and 4b,
on which students’ scores significantly increased. On question 1, students were shown a map for
20 seconds and then had to redraw as much of the map from memory as they could. When using
GIS for the classroom activities, students were asked to study maps in great detail. On the
posttest, students were better able to draw more of the details more accurately. Figure 7 shows
one student’s maps from the pretest and posttest.

63

Figure 7: Single student pretest and posttest.
Question 4b included three maps of the same area and asked students to mentally overlay
those three maps to choose the best location for a campsite. Some students were able to identify
that this activity was very similar to activities that they had done with GIS. In an interview with
the teacher, she recounted an interaction with a student who called her over to clarify the
question. Mrs. Allen said to the student, “These three maps show the same location.” The
student responded, “Oh, like the layers in GIS.” One student even referred to GIS in her answer
to the question on the posttest. Julie wrote, “To choose a campsite, I imagined the three maps on
top of each other like the layers on GIS.”
In each of the four subcategories: spatial relationships, representation, analysis and
application, there were some questions on which students’ scores did not improve and in a
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couple of instances actually decreased from pretest to posttest. Two questions that did not show
student growth in understanding Representation, questions 6a and 6b, focused on how real-world
objects are represented on computers (Figure 8). All of the information that students needed to
answer this question was included above this question on the GTS, including examples of how
points might be used on a map, which should have made the question straightforward and easy to
answer. Lack of student growth on this question indicates that students needed more explicit
instruction on how features are represented on a map. The activities that students completed
focused on generalized global data and science content rather than specific features of the map
itself.

Figure 8: Question 6a.
Lack of student growth on questions 5a in Application and 5b in Representation may be
due to lack of instruction in reading contour maps. While GIS does have a basemap for
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contours, students did not use that basemap with the activities that they completed. The normal
7th grade curriculum at this school does not include instruction on contour maps. A correct
answer for question 5a is based solely on a student’s understanding of contour lines on a map
(Figure 9). On question 5b, students used the same map in Figure 9 to imagine standing on hill
C looking south and identify which other hills they could see. Students frequently said that they
would be able to see hill D even though it is much shorter than both hill A and hill B. Without
instruction on how to read contour maps, students could not correctly answer this question.

Figure 9: Question 5a.
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Student scores did not improve on questions 2a or 2b in the Analysis category (Figure
10). These two questions were based on students’ ability to interpret a single-layer map similar
to a paper map. The GIS activities that students completed in class required students to make
broad observations and did not include opportunities for students to follow specific directions
like those from questions 2a and 2b, so students had no practice with this skill between pretest
and posttest administrations.

Figure 10: Question 2a.
While there were some areas in which students did not show significant improvement,
students who used GIS in their science class significantly improved on the GTS overall
compared to students who did not receive any instruction with GIS. Seventh-grade students who
used GIS were able to appropriately use spatial vocabulary to describe spatial relationships as
well as mentally overlay maps to identify relationships, two key dimensions of geospatial
thinking.
GIS and Science Practices of Investigation and Evaluation
The second research question was: How does the use of GIS affect seventh-grade
students’ use of the science practices of investigation and evaluation? GIS increased both
students’ investigation and evaluation skills. The average score increased from the first to
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second activity and then slightly decreased between the second and third activity (Figure 11).
Results of a t test indicate a significant difference from Activity 1 (M = 5.81, SD = 1.74) to
Activity 2 (M = 7.71, SD = 1.74), t (71) = -9.29, p = <.05, and from Activity 1 to Activity 3 (M =
7.60, SD = 1.61); t (62) = -6.56, p = <.05. However, between Activity 2 (M = 7.62, SD = 1.80)
and Activity 3 (M = 7.51, SD = 1.6), student scores decreased slightly. The change from
Activity 2 to Activity 3 was not statistically significant; p = .65.

Figure 11: Average scores for each activity.

Questions on each activity were categorized as either investigation or evaluation
questions. For example, when students are asked to write at least two sentences about what they
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see, as in questions 1 and 2a, they are investigating or making observations about what is on the
map. Question 2b, write at least one question about what you see, leads students to think of
further investigations that might be done. Questions 3a and 3b focused on students’ ability to
evaluate the data that they were investigating. Question 3a required students to identify and
discuss any patterns between two data sets and question 3b asked students to provide a possible
explanation for any patterns in the data. The following will discuss student results on both
investigation and evaluation questions.
Investigation. Results of a t test indicate a significant difference from students’ use of
investigation on Activity 1 (M = 5.10, SD = 1.27) to Activity 2 (M = 6.50, SD = 1.27), t (67) =
-6.91, p = <.05 . Student scores rose 17% from Activity 1 to Activity 2. There was also a
significant difference in investigation scores from Activity 1 (M = 5.13, SD = 1.30) to Activity 3
(M = 6.14, SD = 1.33), t (62) =-4.64, p = <.05. The mean increase in test scores between
Activity 1 and Activity 3 was 1.02 with a 95% confidence interval ranging from 1.45 to 0.58.
The eta-squared statistic (.23) indicated a large effect size. Student scores rose 13% from
Activity 1 to Activity 3. Student investigation scores decreased slightly from Activity 2 (M =
6.43, SD = 1.33) to Activity 3 (M = 6.01, SD = 1.33).
When students completed the first activity, they had never used GIS before, and the
teacher noted that “the first time there was a lot of confusion. Students were unclear about what
they were supposed to do and so I had to explain the directions several times and then help
individual students.” Students also mentioned in interviews that GIS was very difficult to use at
first, but that it got easier the more they used it. The large increase in scores between the first
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activity and the other two activities is partly due to the scaffolding that the teacher did during the
first activity to help students understand how to interpret GIS data.
The small decrease in scores between the second activity and third activity, one week
later, may be based on the data that was being investigated. Each activity focused on a different
data set. On Activity 2, students were asked to investigate water temperature and the location of
coral reefs. On Activity 3, students were investigating the locations of polar bears and harbor
seals. In order to receive all of the points for the investigation questions, students needed to be
able to describe, in writing, what they were seeing. The water temperature data, in particular,
was much easier to describe; the colors changed from green near the poles to orange near the
equator (Figure 12). Data on polar bears was more difficult to describe as bears were clustered
in different areas (Figure 13). This difference in the data sets may have resulted in some students
having lower scores.

Figure 12: Water temperature.
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Figure 13: Polar bear habitat.
Student responses to questions reflected their changing understanding of how to
investigate using GIS. For example, in the first activity, Jane’s observations of a map read, “I
see random colors on every continent.” On the third activity, three weeks later, Jane wrote, “It is
hotter around the Equator and colder far away from the Equator.” Her observations on the third
activity are more specific and she uses spatial vocabulary correctly in the second example.
Another student, Lila, wrote, “I see all of the continents are patterned different colors,” on the
first activity. On the third activity, Lila wrote, “In the Atlantic ocean the water is cooler. By the
Equator there is warmer water.” Lila’s investigation of the data is clearer in the third activity.
The teacher explained that students were asking questions during the GIS activities that led to
further investigations of the science topic.
In interviews, the students identified how using GIS helped them investigate data. Jason,
for example, described how GIS helped make it easier to investigate the science topic:
“...because you get more options, like you can zoom in better and just look at more detail and
you can zoom out better and then you can just see the whole world and see, like, the worldwide
spread of like the animals and the plants.” Madison also described the usefulness of the layers
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for investigation, “You could put layers on it to show you like transparency so you can make
them all visible at one time, so they’re not covering up each other.” Madison was comparing
GIS to paper maps and describing how much easier it was to compare data on GIS.
Evaluation. The use of GIS also improved students’ use of evaluation. Results of a t
test indicate a significant difference from students’ use of evaluation on Activity 1 (M = .68, SD
= .76) to Activity 2 (M = 1.28, SD = .75), t (67) = -6.91, p = <.05. Student scores rose 28% from
Activity 1 to Activity 2. Between Activity 1 (M = .71, SD =.77) and Activity 3 (M = 1.43, SD
=.76), results also indicate a significant difference, t (62) =-5.72, p = <.05. The mean increase in
test scores from Activity 1 to Activity 3 was 1.06 with a 95% confidence interval ranging from
1.03 to 0.50. The eta-squared statistic (.31) indicated a large effect size. Student scores rose
36% from Activity 1 to Activity 3.
Student scores also slightly increased between Activity 2 (M = 1.26, SD = .74) and
Activity 3 (M = 1.45, SD =.74). While this increase was much smaller, results of a t test
indicated that this increase was also statistically significant: t (73) = -2.41, p = <.05. The larger
increase after the first activity rather than the second is due to students having no background
knowledge initially. Prior to the first activity students had never used GIS and had no experience
using GIS to evaluate data, so it was expected that they would make large improvements
between the first and second activities. Between the second and third activities, students did not
have as much room for improvement as their scores had already improved so much on the
second activity.
Student growth in evaluation could be seen in the types of answers that they gave for the
evaluation questions on the activities. On the first activity, when asked to analyze the patterns
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between two layers of data, Jane pointed out that they were different colors. On the third
activity, in answer to the same question, Jane stated that coral reefs and warm water overlapped
and so coral might need warm water to survive. Rather than just writing about what she saw,
Jane was evaluating what the data could mean.
During the interviews, students identified ways that GIS helped them evaluate data.
Stephanie said, “You could see how, like, what types of things were in certain areas because that
affects like so many different things.” In other words, she could see how the habitats of certain
animals were related. Another student, Natalie, noted, “I thought it was cool to see the
relationship between the coral and the climate and then the polar bears and the seals.” Here
Natalie is evaluating the two layers and their relationship to one another.
Students also asked questions that spurred further investigation based on their evaluation.
For example, Alex noted, “I saw on the polar bear map that the ringed seals and the harbor seals
lived in like different locations, like they’re opposite. And I thought that was kind of strange.”
This led him to ask more questions about the relationships between polar bears and different
kinds of seals. Similarly, the teacher noted that one class was very curious about an area that the
polar bears were conspicuously missing from, an area in the middle of a bay. This evaluation led
students to investigate how far polar bears could hunt.
The use of GIS increased students’ geospatial thinking skills as well as their use of
science practices of investigation and evaluation. The next chapter will include a discussion and
recommendations for future research.
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Chapter 5
DISCUSSION
The purpose of this study was to examine how using GIS affected students’ geospatial
thinking skills as well as their use of the science practices of investigation and evaluation.
Results of this study indicated that the use of GIS helped the students’ growth in geospatial
thinking skills. The results also indicated that the use of GIS in the science classroom can be
helpful for both students’ improvement in investigation and evaluation skills. While these results
were positive, many more questions were left to be answered.
Geospatial Thinking
The National Geography Standards (NGS) identify geospatial thinking as a critical skill
for students to practice in order to become geographically literate citizens (Heffron & Downs,
2013). Several studies have shown that GIS is a useful tool for helping students improve their
geospatial thinking skills when used in the social studies classroom (Patterson, 2007; Perkins,
Hazelton, Erickson, & Allan, 2010). Results of this study enhanced both Kim and Bednarz’s
(2013) and Lee and Bednarz’s (2009) findings that GIS increased college students’ geospatial
thinking skills by showing that similar results could be seen with younger students as well. In
addition, the results mirrored results of similar studies that demonstrated that the use of GIS
improved middle school students’ geospatial thinking skills (Patterson, 2007; Perkins, Hazelton,
Erickson, & Allan, 2010).
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GIS, due to its direct connection to geography, has most often been studied in the social
studies. This research attempted to expand past research by investigating how GIS could also be
used in the science classroom to develop geospatial thinking skills. Results of this study affirms
that of Perkins, Hazelton, Erickson, and Allan’s study (2010) which demonstrate that GIS can be
used to develop students’ geospatial thinking in the science classroom as well. Students used
GIS to examine scientific data which was directly related to the content that they were studying.
At the same time, they were able to use geospatial vocabulary while investigating this same data.
The teacher in this study commented that students’ use of geospatial vocabulary became
more sophisticated the longer that they worked with GIS even while the focus of the GIS lessons
was on scientific data. However, to make these gains, the teacher explained that the students
needed a lot of scaffolding. In the first activity she was more willing to accept simple
observations, but throughout the time spent in class, the teacher challenged students to use more
complex terms and to explain their answers more thoroughly.
There were some aspects of geospatial thinking that students continued to struggle with
even after using GIS. Students continued to struggle with concepts such as contours and
understanding how physical objects were represented on a map. However, in the activities that
students completed, the largest focus was on using geospatial vocabulary, and as such, they did
not get to practice some of the other geospatial skills to the same extent as using vocabulary. It
is likely that students would need more direct instruction and scaffolding by the teacher in order
to show more improvement on other geospatial thinking skills such as understanding contours
and representations of physical objects.
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While the use of GIS did help students practice their geospatial thinking skills, GIS is a
complex data analysis tool and geospatial thinking skills constitute a wide array of skills. The
scope of this study was on a few subsets of geospatial thinking skills, but the GST is a
comprehensive tool for measuring all aspects of geospatial thinking. Gersmehl and Gersmehl
(2007) pointed out that geospatial thinking skills are developed over time and continue to
improve with practice. Students in this study made some improvements in some aspects of
geospatial thinking but likely needed more time to practice other aspects of geospatial thinking.
Evaluation and Investigation
The NGSS (2013) calls for students to understand the interdependence of science and
technology. This study incorporated GIS, a data analysis technology, into science instruction.
Students explained that they thought GIS was helpful for them because it made science data
easier to manipulate and easier to visualize. In this way, students can begin to see how
technology can be useful in scientific data analysis.
Helping students understand how technology is useful in science is one step towards
another stated goal of science education: helping students gain a contextual understanding of
science concepts (NGSS Lead States, 2013). In this study, students were investigating the
science concept of a symbiotic relationships. Data compiled about animal habitats and displayed
in GIS provides a visual representation for students to analyze when discussing symbiotic
relationships. When students evaluate this data, they are examining it in a larger context, that of
a global phenomenon. This study’s results are similar to that of Akerson and Dickinson’s (2003)
that indicate that GIS helped students analyze data. In this study, students analyzed the data, and
the teacher reported that they were asking questions about what they saw, such as why polar
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bears seemed to avoid a certain area. This type of questioning led students to a broader
discussion about polar bear habitats and polar bear behavior in the context of geography and
polar bear ranges.
These discussions based on student observations also led to further evaluation of the data.
Students were able to explore many different data sets to evaluate them for relationships. Once
students recognized one relationship, the teacher noted that they were motivated to look for other
types of relationships as well. For example, students noticed a correlation between polar bears
and one type of seal, which led them to ask about other types of seals and their relationship to
polar bears. In this example, students are using the science practices of investigation and
evaluation exactly as it is described in the NGSS (2013).
Despite students’ identifying how helpful GIS was for them, they did struggle in some
areas of investigation on the activities they completed in class. This was likely due to the
increased difficulty of interpreting the data. The teacher had scaffolded the use of data in the
GIS activities to be increasingly more complex. The data sets used on the first activity were
easier to interpret. Students most likely needed more time and experience using GIS with more
complicated data in order to become more adept at interpreting this data. Teachers who
incorporate GIS into their lessons may need to do so over longer periods of time and with
increasing complexity in order to see more growth in students’ skills.
The teacher in this study was initially uncomfortable with GIS and struggled to see how
it might be useful in her classroom. However, in the final interview, she detailed plans to use
GIS in the future to help students investigate scientific data. It was only after using GIS in her
classroom for several weeks that she was able to see how she could use GIS to help students
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practice their investigation and evaluation skills. Her experience was similar to that explained by
Patterson (2007), who found that teachers needed time to work with a new technology to become
comfortable with it in order to fully adapt it for use in the classroom.
Implications
Based on the results of this study, curriculum directors and educational leaders may need
to emphasize the possibilities of using GIS in science education not only to promote geospatial
thinking but also to encourage students’ use of the science practices of investigation and
evaluation. Educators need to find the appropriate tools to meet the many goals set by NGSS
(NGSS Lead States, 2013). With so much emphasis on technology in science education and
real-world experiences, GIS may be a tool that can help meet many of these goals. Science
educators, like the teacher in this study, may be more likely to try a new tool when it is identified
as important by district and state educational leaders. Furthermore, science policymakers and
curriculum directors may want to examine GIS as a tool specifically for science education.
Studies have shown that geospatial thinking is a skill that can be developed over time and
that it is important for students to have continued opportunities to use geospatial thinking
(Gersmehl & Gersmehl, 2007). It cannot be left to one teacher to “teach” geospatial thinking but
should be thought of as an ongoing and important part of a student’s education. Geospatial
thinking is a skill that needs to be incorporated throughout a student’s years in school. Regular
textbooks do not usually provide students with activities that develop geospatial thinking skills,
which means that educators need to encourage geospatial thinking through other means (Jo &
Bednarz, 2009). The National Research Council (2012) called for geospatial thinking to be
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recognized as an important skill that could be taught in social studies classes, where it is
traditionally addressed, but also in other curricular areas, such as science.
This study helped to demonstrate that geospatial thinking can be practiced in the context
of the science classroom. However, in order for K-12 science teachers to encourage students to
practice geospatial thinking skills, they may also need to be exposed to the concept of geospatial
thinking during their teacher preparation program in college. College educators who work with
preservice science teachers may want to help them recognize the relationship between geospatial
thinking and science education. Teachers who are exposed to the importance of geospatial
thinking as part of their education programs will be more likely to use it as part of science
instruction.
College educators may also wish to emphasize GIS as part of science teacher preparation
programs as a tool for teaching science in addition to geospatial thinking. Results of this study
indicate that GIS could be a useful tool in the science classroom and not just for helping students
practice geospatial thinking. The NGSS (NGSS Lead States, 2013, Appendix A) call for science
education to “reflect the interconnected nature of science as it is practiced and experienced in the
real world” (p.1). GIS is a tool that can be easily used in the classroom for the same types of
purposes for which it is used in the real world. For example, in this study students used GIS to
investigate real data about ocean water temperatures and the locations of coral reefs. Just as
professional oceanographers examine data, ask questions, and make predictions, this activity led
students to consider the implications of possible changes in ocean water temperatures and to ask
questions about what that might mean for the future of coral reefs.
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In-service K-12 science teachers may also need professional development regarding
incorporating geospatial thinking skills and GIS as part of their regular curriculum. The teacher
in this study was skeptical about teaching both geospatial thinking skills and science content, but
at the conclusion of the study, she expressed excitement about her students’ improvement in
using geospatial vocabulary when talking about scientific data. Similarly, she was initially
uncomfortable with the idea of using GIS with students when she knew nothing about it
herself. Her concerns were similar to those noted by Patterson (2007), specifically that she had
not had enough time prior to the beginning of the study to feel comfortable with GIS. The
teacher identified that lack of time for her to work with GIS prior to presenting it to the class
contributed to her feeling inadequate when students asked her specific questions about
GIS. However, once she was more comfortable using GIS, she was able to identify several ways
in which students were able to use it to investigate scientific data and expressed excitement about
using GIS for future lessons. Other teachers may benefit from a similar experience where they
are allowed time to practice using GIS on their own and then encouraged to use it in their
classrooms with students. When teachers see the benefit of GIS and feel comfortable using it,
much like the teacher in this study, they will be more likely to use it. Curriculum directors and
school leaders need to promote geospatial thinking and the use of GIS as a valuable addition to
science instruction. Providing professional development to teachers is one way to do so.
Future Research
This study was necessarily limited in scope and leaves many questions left to be
answered. In order to assess students’ geospatial thinking skills, Huynh’s and Sharpe’s (2013)
Geospatial Thinking Scale was used. This is the first study to use the GTS with students for
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research purposes. Further research is needed which uses the GTS in order to add support for
this tool in studying geospatial thinking skills.
Another area for further examination is student motivation and the use of GIS. In 2003,
West found that GIS could be used to increase student motivation for learning. Most students
who were interviewed for this study expressed excitement about using GIS in their science
class. Both educators and educational leaders might consider how GIS could help motivate
students for learning both science content and science practices. Further research is needed to
examine how GIS can help motivate students.
Another question left to be answered is how students learn science content while using
GIS. The NGSS requires teachers to move away from teaching content in isolation and to
engage students in more challenging work (NGSS Lead States, 2013). The teacher in this study
introduced students to important scientific concepts and vocabulary during activities in which
students used GIS. She felt that students were engaging with scientific content and learning key
science vocabulary; however, this study did not explicitly examine students’ science content
knowledge. A couple of studies which have used GIS in the science classroom to focus on
content learning have indicated that students develop a deeper understanding of science content
(Hall-Wallace & McAuliffe, 2002; Kulo & Bodzin, 2012). Further studies are needed to
examine how GIS helps students learn science content. In addition, science teacher educators
may choose to expose preservice teachers to ways that GIS could be incorporated into the
science instruction.
Further research is needed in the area of GIS and the science practices. In this study only
the science practices of investigation and evaluation were examined. One important question left
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to be answered is about how GIS might help students engage in other science practices. The
NGSS identified fourteen science practices that are important for students to use in science class
(NGSS Lead States, 2013). Of these fourteen, only investigation and evaluation of data were a
part of this research. It may be that some practices are more easily practiced with GIS while
others are not. Further research is needed in order to gain a better understanding of how GIS can
help students use other science practices. This type of information will be helpful to policy
makers and educators alike as they determine how best to meet the new science standards.
Additional studies are also needed to examine the use of GIS with different types of
students. This research was conducted with a relatively small group of students in a rural area of
the Midwest. Future research may focus on suburban and urban students in order to examine if
those students would have similar experiences with GIS. Researchers might also focus on
whether certain students improve more with the science practices than others. Additional studies
could focus on how students of different ability levels use GIS and whether there is a connection
to geospatial thinking skills or science practices, for example, whether higher level students
make larger improvements than lower level students whether boys or girls make greater gains in
geospatial thinking or science practices. Studies such as this would be helpful for teachers who
are looking to differentiate instruction to effectively meet all students’ needs.
Both this study and Perkins, Hazelton, Erickson, and Allan’s (2010) research were
conducted with middle school students. Future research should focus on both younger and older
students in a science classroom. Perhaps older students would be able to use GIS more
effectively for data analysis than the seventh-grade students did. Also, while some research has
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been done using GIS with elementary students (Shin, 2006, for example), studies are still needed
which focus on younger students, particularly in science classes.
The results of this study demonstrate that GIS can help students develop their geospatial
thinking skills while also practicing investigation and evaluation when used as a part of science
instruction. Educational leaders and policymakers should support and encourage K-12 teachers
as they learn to use new tools such as GIS as part of their regular instruction. Researchers must
continue to study the ways in which GIS and geospatial thinking can enhance science learning
and instruction in order to help educational leaders and policymakers to make informed
decisions.
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Teacher Letter of Consent
I agree to participate in the research project titled Developing Geospatial Thinking and the
Science Practices of Investigation and Evaluation with Geographic Information Systems being
conducted by Kelli Hamilton, a graduate student at Northern Illinois University.
I have been informed that the purpose of the study is to investigate how students use the science
practices of investigation and evaluation while using Geographic Information Systems (GIS).
GIS is a software used to overlay geographic data onto a map. This study will also examine how
students’ geospatial thinking develops over the course of the study.
I understand that if I agree to participate in this study, I will be asked to do the following:
include three GIS activities as part of my science instruction and participate in three interviews,
one after each of the GIS activities. I am aware that my participation is voluntary and may be
withdrawn at any time without penalty or prejudice, and that if I have any additional questions
concerning this study, I may contact Kelli Hamilton at (815)754-2226 and/or
khamilton@d428.org or Dr. Eui-kyung Shin at (815) 753-8556.
I understand that if I wish further information regarding my rights as a research subject, I may
contact the Office of Research Compliance at Northern Illinois University at (815) 753-8588.
I understand that the intended benefits of this study include learning about cutting-edge
geospatial technology that I can use in my science class.
I understand that all information gathered during this experiment will be kept confidential by
using pseudonyms in place of actual names and not including any identifying information about
the school.
I understand that my consent to participate in this project does not constitute a waiver of any
legal rights or redress I might have as a result of my participation, and I acknowledge that I have
received a copy of this consent form.
__________________________________________________________________
Signature of Subject Date
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Student’s Name: ________________________________
ASSENT LETTER FOR STUDENT
Dear Students,
Hello! During the months of November and December, I am going to work with your teacher to
conduct a study to see how the use of GIS technology in science may affect your geospatial
thinking skills and your use of investigation and evaluation skills. In order to find out, first, you
are going to be using GIS technology during your science classes.
I will ask you to take a test that assesses your geospatial thinking at the beginning and then end
of our unit. During the unit, when you are working with GIS, I will give you worksheets to
complete that I will collect and grade. I may also ask you to participate in a group interview
lasting approximately 10-15 minutes. The interview responses will be audio recorded.
I will only use the recordings of the interview, your work, and test results if you and your parents
give me permission to do so. If you choose to help with my research, all of the results will be
kept confidential, and not names will be used in order to protect your identity.
If you choose not to participate, you will not be affected in any way. You will still participate in
the same instruction and activities during science class; I just will not use your work, test results,
or interview responses when I write my report.
You can always ask me or your teacher questions about my research at any time. You have the
right to change your mind about participating at any time without penalty. All you have to do is
let me or your teacher know.
Sincerely,

Mrs. Kelli Hamilton

94
I agree to participate in the study conducted by Mrs. Hamilton. I understand that I can withdraw
from the study at any time without penalty.
Signature _____________________________________________ Date ____________________

I understand that the interview will be audio recorded.
My signature below grants permission to use recorded interviews, in which I participated for the
study being conducted by Mrs. Kelli Hamilton.
________________________________________________________________
Signature of Student

Date
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ASSENT LETTER FOR STUDENT IN CONTROL GROUP
Student’s Name: ________________________________

Dear Students,
Hello! During the months of April and May, I am going to work with your teacher to conduct a
study to see how the use of GIS technology in science may affect your geospatial thinking skills
and your use of investigation and evaluation skills.
I will ask you to take a test that assesses your geospatial thinking at the beginning and then end
of our unit. This test will not be used as a grade in your science class, it will only be used for my
research. I may also ask you to participate in a group interview lasting approximately 10-15
minutes. The interview responses will be audio recorded.
I will only use the recordings of the interview and test results if you and your parents give me
permission to do so. If you choose to help with my research, all of the results will be kept
confidential, and not names will be used in order to protect your identity.
If you choose not to participate, you will not be affected in any way. You will still participate in
the same instruction and activities during science class; I just will not use your work or interview
responses when I write my report.
You can always ask me or your teacher questions about my research at any time. You have the
right to change your mind about participating at any time without penalty. All you have to do is
let me or your teacher know.
Sincerely,

Mrs. Kelli Hamilton
Doctoral Student at Northern Illinois University

I agree to participate in the study conducted by Mrs. Hamilton. I understand that I can withdraw
from the study at any time without penalty.
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Signature _____________________________________________ Date ____________________

I understand that the student interview will be audio recorded.
My signature below grants permission to use recorded interviews, in which I participated for the
study being conducted by Mrs. Kelli Hamilton.
________________________________________________________________
Signature of Student

Date
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Student’s Name: ___________________________
CONSENT LETTER FOR PARENT/GUARDIAN
Your child is invited to participate in a research study titled Developing Geospatial Thinking and
the Science Practices of Investigation and Evaluation with Geographic Information Systems
being conducted by Kelli Hamilton, a graduate student at Northern Illinois University and an
Instructional Coach at Clinton Rosette Middle School.
The purpose of this study is to investigate how students use the science practices of investigation
and evaluation while using Geographic Information Systems (GIS). GIS is a software used to
overlay geographic data onto a map. This study will also examine how students’ geospatial
thinking develops over the course of the study.
Your child's participation in this study will last six weeks between April and May. He or she will
be asked to use GIS in the classroom to learn science concepts within his/her normal science
class time. He or she will also be asked to take both a pre- and post-test, given on paper, to
assess his or her geospatial thinking skills. This test contains 14 questions and may take 20
minutes to complete. Additionally, your child may be asked to participate in a group interview
after the GIS project. The group interview will be audio recorded. Lastly, your child’s work
during the GIS project will be collected.
The benefit your child/ward may personally receive from participating in this study is
experiencing cutting-edge geospatial technology during his/her science class.
Information obtained during this study may be published in scientific journals or presented at
scientific meetings, but any information which could identify your child will be kept strictly
confidential. No child will be identified by name or referred to in any form that will identify
him/her.
Participation in this study is voluntary. Your decision whether or not to allow your child, as well
as his or her assent to participate will not negatively affect you or your child. You are free to
make any inquiry, review any drafts of the research or withdraw from participation at any time.
Your child will be asked to indicate individual assent to be involved immediately prior to
participation, and will be free to withdraw from participation at any time without penalty or
prejudice.
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Any questions about the study should be addressed to Kelli Hamilton (815)754-2226 and/or
khamilton@d428.org. Your cooperation in participating in this study will be appreciated.
If you wish further information regarding your rights or your child's/ward's rights as a research
subject, you may contact the Office of Research Compliance at Northern Illinois University at
(815) 753-8588.
_____________________________________________________________________________
Student’s Name: ____________________________
I agree to allow my child/ward to participate in this research study and acknowledge that I have
received a copy of this consent form.

__________________________________________________________________
Signature of Parent/Guardian

Date

I understand that the student interview will be audio recorded.
My signature below grants permission to use recorded interviews, in which my child participated
for the study being conducted by Mrs. Kelli Hamilton.
________________________________________________________________
Signature of Parent/Guardian

Date
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Student’s Name: ___________________________
CONSENT LETTER FOR PARENT/GUARDIAN OF STUDENT IN CONTROL GROUP
Your child is invited to participate in a research study titled Developing Geospatial Thinking and
the Science Practices of Investigation and Evaluation with Geographic Information Systems
being conducted by Kelli Hamilton, a graduate student at Northern Illinois University and an
Instructional Coach at Clinton Rosette Middle School.
The purpose of this study is to investigate how students use the science practices of investigation
and evaluation while using Geographic Information Systems (GIS). GIS is a software used to
overlay geographic data onto a map. This study will also examine how students’ geospatial
thinking develops over the course of the study.
Your child's participation in this study will last six weeks between April and May. He or she will
be asked to take both a pre- and post-test, given on paper, to assess his or her geospatial thinking
skills. This test contains 14 questions and may take 20 minutes to complete. Additionally, your
child may be asked to participate in a group interview at the end of his/her current unit in Science
class. The interview questions will focus on how students use maps in Science class. The group
interview will be audio recorded.
The benefit your child/ward may personally receive from participating in this study is additional
time and focus on critical thinking skills in Science class.
Information obtained during this study may be published in scientific journals or presented at
scientific meetings, but any information which could identify your child will be kept strictly
confidential. No child will be identified by name or referred to in any form that will identify
him/her.
Participation in this study is voluntary. Your decision whether or not to allow your child, as well
as his or her assent to participate will not negatively affect you or your child. You are free to
make any inquiry, review any drafts of the research or withdraw from participation at any time.
Your child will be asked to indicate individual assent to be involved immediately prior to
participation, and will be free to withdraw from participation at any time without penalty or
prejudice.
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Any questions about the study should be addressed to Kelli Hamilton (815)754-2226 and/or
khamilton@d428.org. Your cooperation in participating in this study will be appreciated.
If you wish further information regarding your rights or your child's/ward's rights as a research
subject, you may contact the Office of Research Compliance at Northern Illinois University at
(815) 753-8588.
_____________________________________________________________________________
Student’s Name: ____________________________________
_______I agree to allow my child/ward to participate in this research study and acknowledge that
I have received a copy of this consent form.
_______I DO NOT wish for my child/ward’s data to be used as part of this study and
acknowledge that I have received a copy of this consent form.

____________________________________________________________________________
Signature of Parent/Guardian

Date

I understand that the student interview will be audio recorded.
My signature below grants permission to use recorded interviews, in which my child participated
for the study being conducted by Mrs. Kelli Hamilton.

___________________________________________________________________________
Signature of Parent/Guardian

Date
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Geospatial Thinking Scale
Questionnaire
1. Gender: Female
2. Age: _________

Male

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 1
A map will be shown to you for 20 seconds. Try to remember as many details as possible.
At the end of 20 seconds, draw and label as many locations as you can remember in the box
below.
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Question 2
Answer the next three questions by referring to Figure 1 below.

Figure 1.
Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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A. You start at location 8 on the city map (Figure 1). You walk north one block, turn right
and walk three blocks, turn north and walk two blocks and then turn left and walk two
more blocks. You will be closests to location:
a.) 3

b.) 4

c.) 5

d.) 6

e.) 7

B. You start at location 4 on the city map (Figure 1). You walk east one block, northeast six
blocks, east one block, and south three blocks. You will be closest to location:
a.) 1

b.) 2

c.) 3

d.) 4

e.) 5

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 3
Answer the next three questions by referring to Figure 2 A-E below.

Figure 2 A-E.
A. Identify the diagram that best represents the intersection of roads and schools.
a.) A

b.) B

c.) C

d.) D

e.) E

B. Identify the diagram that best represents a school which is near a park.
a.) A

b.) B

c.) C

d.) D

e.) E

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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C. Write two sentences that describe the spatial patterns of the schools in Figure 2A. Use at
least two of the terms in this chart.
above

below

distributed

over

along

beside

down

parallel

among

bottom

far

patterned

apart

intersect

random

top

towards

under

up

away

behind

direction

next

contour

around

isolated

connected

linked

center

clustered

arrangement

area

1.

2.

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 4
You are looking for campsites that are found:
1. In a park AND
2. Close to lakes AND
3. Close to wetlands
Study these maps to determine the best location for you campsite.
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A. The best location, which meets all of your criteria, is:
a.) A

b.) B

c.) C

B. In the space below, describe how you decided which campsite would be the best.

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 5
Answer the next three questions by referring to Figure 3 below.

Figure 3.

A. Which mountain has the steepest slope overall?
a.) A

b.) B

c.) C

d.) D

B. You are standing at the peak of mountain C looking south. Name, in clockwise order, the
other mountain(s) you can see:
a.) A,D,B

b.) B,D,A

c.) D,A,B

d.) C,A,D

e.) A,B

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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C. Write two sentences that describe the spatial relationships between features A, B, C, and D.
Use at least two of the terms in this chart.
above

below

distributed

over

along

beside

down

parallel

among

bottom

far

patterned

apart

intersect

random

top

towards

under

up

away

behind

direction

next

contour

around

isolated

connected

linked

center

clustered

arrangement

area

1.

2.

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 6
Real world objects can be represented in a computer by a point, line (arc), and an area (polygon).
Representative examples of these shapes are demonstrated below.

Based on the idea of points, lines, and polygons, answer the following questions:
A. Figure 4a best represents this type of object:
a.) Lakes

Figure 4a.

b.) Roads

c.) Houses

d.) Insects

f.) Neighborhoods
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B. Figure 4b best represents this type of object:
a.) Lakes

b.) Roads

c.) Houses

d.) Insects

f.) Neighborhoods

Figure 4b.

Adapted from: Huynh, N. & Sharpe, B. (2013). An assessment instrument to measure
geospatial thinking expertise. Journal of Geography, 112(1): 1, 3-17.
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Question 7
Ash trees in DeKalb County have been under attack from the Emerald Ash Borer beetle.
Figure 6 shows the regions of DeKalb County that are being attacked by the Emerald Ash Borer
beetle.
Figure 7 shows the different types of trees in the same area.
A. Shade in Figure 7 the largest region infected by the Emerald Ash Borer.

Figure 6: Regions of Beetle Infestation

Figure 7: Areas of Trees

B. In the space below, explain how you identified this area.
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GIS Activity
Each time you answer one of the questions below, use some of this geospatial vocabulary:
above

below

distributed

over

along

beside

down

parallel

among

bottom

far

patterned

apart

intersect

random

top

towards

under

up

away

behind

direction

next

contour

around

isolated

connected

linked

center

clustered

arrangement

area

1.

Open the map and choose a layer. What layer did you add?
____________________________________________________
Zoom out so that you can see the whole world.

a. Take a minute to examine this data. Write at least two sentences to describe what you
see. Try to use some of the geospatial terms listed above in your answer.
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2. Zoom in to one country.
a. Take a minute to examine this data. Write at least two sentences to describe what you
see. Try to use some of the geospatial terms listed above in your answer.

b. Write at least one question that you have about what you notice.

3. Add another layer to the map. What layer did you add______________________________?
a. Write at least one sentence to analyze the pattern that you see. If there is no pattern,
explain how you know that there is not a pattern.

b. Write at least one sentence to analyze why these two layers might be related or not
related.
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Map for Question 1 on Geospatial Thinking Scale

123

APPENDIX I
GIS ACTIVITY RUBRIC

124
GIS Activity Rubric
Question 1a:
Investigation
0 points
Did not attempt

1 point

2 points

Attempted, but was
entirely inaccurate, or
no spatial vocabulary
was used

3 points

Correctly used one
spatial vocabulary
word

Correctly used two or
more spatial
vocabulary words

Question 2a:
Investigation
0 points
Did not attempt

1 point

2 points

Attempted, but was
entirely inaccurate, or
no spatial vocabulary
was used

3 points

Correctly used one
spatial vocabulary
word

Correctly used two or
more spatial
vocabulary words

Question 2b:
Investigation
0 points
Did not attempt

1 point
Attempted, but question did
not pertain to data presented

2 points
Question was pertinent to data
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Question 3a:
Evaluation
0 points
Did not attempt or answer was entirely
incorrect

1 point
Answer was accurate description of data

Question 3b:
Evaluation
0 points
Did not attempt or answer was entirely
incorrect

1 point
Answer was plausible given data
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APPENDIX J
TEACHER INTERVIEW QUESTIONS
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Teacher Interview Questions
1. What did you notice while students were using GIS?
2. How well do you feel the students were able to use GIS to engage with the science
content?
3. Do you feel that having the students use GIS was a helpful/effective way to have them
engage with the science content?
4. Describe a time when a student used geospatial vocabulary while they were speaking to
you or each other?
5. Describe a time when you observed a student evaluating data while they were speaking to
you or each other about their use of GIS?
6. Describe a time when you observed a student investigating data while they were speaking
to you or each other about their use of GIS?
7. Are there any additional comments you would like to make about your experience?
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APPENDIX K
INTERVIEW QUESTIONS FOR STUDENTS WHO USED GIS
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Interview Questions For Students Who Used GIS

1. Think about the GIS that you used in Science. Do you remember it?
2. How did GIS help you to make observations about the things that you were learning
about in Science?
3. How did GIS help you to explain the things that you were learning about in Science?
4. Did you like using GIS instead of just paper maps? Why?
5. Does your teacher use technology a lot in the classroom? Do you think using technology
helps you learn in science class?
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APPENDIX L
INTERVIEW QUESTIONS FOR STUDENTS WHO DID NOT USE GIS
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Interview Questions for Students Who Did Not Use GIS

1. Think about the map activities that you’ve done in Science. Do you remember any?
2. How did map activities help you to make observations about the things that you were
learning about in Science?
3. How did map activities help you to explain the things that you were learning about in
Science?
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APPENDIX M
GEOSPATIAL THINKING SCALE RUBRIC
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Geospatial Thinking Scale Rubric
Question 1:
0 points
Did not
attempt

1 point

2 points

3 points

4 points

5 points

Attempted,
but was
entirely
inaccurate

Correctly
drew 1-3
elements, a
few in the
correct
location

Correctly
drew 1-3
elements in
the correct
location

Correctly
drew 4-7
elements,
most in the
correct
location

Correctly
drew 4-7
elements in
the correct
location

Question 2:
A. d
B. e

Question 3:
A. e
B. b
C. see table:
0 points
Did not attempt

1 point
Attempted, but was
entirely inaccurate, or
no spatial vocabulary
was used

2 points
Correctly used one
spatial vocabulary
word

3 points
Correctly used two or
more spatial
vocabulary words
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Question 4:
A. a
B. see table:
0 points
Did not attempt

1 point
Attempted, but was
entirely inaccurate

2 points
Correctly described
one reason for
choosing the location

3 points
Correctly described
two or more reasons
for choosing the
location

Question 5:
A. c
B. e
C. see table:
0 points
Did not attempt

Question 6:
A. c
B. b

1 point
Attempted, but was
entirely inaccurate, or
no spatial vocabulary
was used

2 points
Correctly used one
spatial vocabulary
word

3 points
Correctly used two or
more spatial
vocabulary words
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Question 7:
A. see table:
0 points
Did not attempt

1 point
Attempted, but was
entirely inaccurate

2 points

3 points

Attempted, but was
partly inaccurate

Correctly shaded in
the infected region

B. see table:
0 points
Did not attempt

Points possible: 28

1 point
Attempted, but was entirely
inaccurate

2 points
Correctly described one
reason for choosing the
location

